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EXECUTIVE  SUMMARY 


The  feasibility  of  performing  Solid  Phase  Extraction  (SPE)  of 
organic  compounds,  from  water  samples,  in  conjunction  with  thermal 
desorption  to  a  gas  chromatograph  has  been  evaluated.  Using  wall 
coated  open  tubular  (WCOT)  columns,  for  solid  phase  extraction,  and 
a  megabore  WCOT  analytical  column,  we  have  developed  a  system  for 
the  guantitative  recovery  of  polychlorinated  biphenyls  from  water 
with  detection  limits  of  1  ng/L  using  electron  capture  detection. 

Initial  studies  concentrated  on  the  removal  of  polychlorinated 
biphenyls  (PCBs)  from  water  using  a  solid  phase  extraction  column 
by  determining  if  breakthrough  was  occurring.  Using  commercially 
available  DB-1  or  DB-5  stationary  phase  WCOT  columns,  the  removal 
of  PCBs  from  water  was  found  to  be  guantitative  in  the  ppb  range. 

Further  studies  involved  the  development  of  a  system  allowing  the 
examination  of  variables  affecting  SPE  and  thermal  desorption  to  a 
gas  chromatograph.  The  system  includes  a  6  port  valve,  a 
pressurized  vessel  for  transferring  the  water  sample  to  the  SPE 
column  and  a  flow  splitter  used  to  optimize  the  chromatographic 
injection.  The  SPE  column,  in  this  system,  is  thermally  desorbed 
without  the  need  for  a  separate  heating  chamber  because  the  SPE 
column  is  positioned  in  the  gas  chromatograph  oven;  temperature 
programming  of  the  GC  oven  effects  desorption  from  the  SPE  column. 

The  work  outlined  in  this  final  report  involved  optimizing  the 
conditions  of  this  system,  including  the  use  of  dual  capillary 
analytical  columns  and  incorporating  cryof ocussing. 

The  system  developed  is  rugged;  the  analytical  columns  were  not 
affected  by  water  from  the  SPE  column  and  the  SPE  column  could 
perform  well  for  several  hundred  extractions.  By  adapting  hardware 
currently  available  on  the  market,  the  system  could  potentially 
function  in  an  automated  fashion  for  drinking  water.  The  savings 
in  labour  relative  to  the  methods  in  current  use  at  the  Ministry 
are  significant.  In  addition,  since  all  the  extracted  analytes  are 
determined  by  gas  chromatography,  only  a  small  amount  of  sample  (10 
millilitres  compared  to  1  litre)  is  reguired  to  perform  a 
determination  with  detection  limits  better  than  those  currently 
reported  by  the  Ministry. 

We  have  also  developed  and  instituted,  in  our  routine  analysis  of 
PCBs,  a  surrogate  to  further  improve  guality  control.  This 
surrogate  has  also  proven  to  be  useful  in  the  SPE  of  water  samples. 

The  use  of  solid  phase  extraction,  for  agueous  samples,  combined 
with  thermal  desorption  to  a  gas  chromatograph  has  not  been 
reported  in  the  scientific  literature,  according  to  our  knowledge, 
and  we  are  the  first  to  report  success  using  this  hybridized 
methodology. 
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1.  INTRODUCTION 


This  is  the  final  report  on  the  development  of  analytical 
methodology  for  organic  analytes  in  water  using  solid  phase 
extraction  (SPE)  followed  by  thermal  desorption  to  a  gas 
chromatograph . 

The  SPE  technique  involves  passing  large  volumes  of  water 
containing  organic  compounds  through  a  column  packed  with  an 
adsorbent  bonded  to  a  solid  support,  or,  through  a  Wall  Coated  Open 
Tubular  (WCOT)  column  in  which  the  inside  wall  is  coated  with  a 
bonded  liquid  phase.  The  analytes  are  adsorbed,  during  the  SPE 
process,  due  to  their  partition  coefficient  between  the  water  and 
the  bonded  liquid  phase.  SPE  has  been  reported  in  the  literature 
and  is  used  to  isolate  analytes  from  water.  In  most  cases  solvent 
desorption  is  used  to  isolate  the  adsorbed  compounds.  Subsequent 
determination  is  typically  performed  using  a  small  aliquot  of  the 
solvent  for  chromatographic  analysis. 

Some  of  the  advantages  of  using  SPE  combined  with  solvent 
desorption  are  as  follows: 

1.        The    number    of    samples    that    can    be   processed    daily  is 
increased  and  the  cost  per  analysis  is  reduced. 
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2.  The  potential  exists  of  improved  repeatability  and 
reduction  of  operator  error  due  to  fewer  steps  in  the 
analytical  procedure. 

4 .  The  use  of  large  volumes  of  solvent  and  the  cost  of  their 
disposal  are  essentially  eliminated. 

5.  The  process  is  more  amenable  to  automated  sample 
preparation  systems. 

Despite  the  theoretical  advantages  of  using  SPE  in  conjunction  with 
thermal  desorption,  there  are  no  reports  in  the  scientific 
literature  involving  the  combination  of  SPE  for  water  samples  and 
thermal  desorption  to  a  gas  chromatograph . 

In  our  initial  work,  a  mixture  of  two  Aroclors  (1254  and  1260)  was 
used  to  evaluate  SPE  of  polychlorinated  biphenyls  (PCBs)  in  water. 
PCBs  were  selected  because  of  their  thermal  stability,  low 
volatility,  and  low  polarity.  In  addition,  the  Ministry  of  the 
Environment  is  in  need  of  a  method  capable  of  achieving  the  low 
detection  limits  required  to  meet  Ministry  objectives. 

In  most  reports,  a  packed  column  is  typically  used  in  the  SPE  of 
organic  analytes  from  water.  Such  columns  are  not  amenable  to  the 
use  of  thermal  desorption  because  of  the  amount  of  water  retained 
in  the  interstitial  regions  of  the  solid  support.  The  introduction 
of  as  little  as  1  micro  litre  of  water  can  significantly  degrade 
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the  chromatographic  performance  of  most  conventional  phases  used 
for  WCOT  columns.  We  have  used  WCOT  columns  for  SPE  because  we 
anticipate  that  less  water  will  be  adsorbed  than  using  packed  SPE 
columns  and  the  media  should  allow  for  any  water  retained  to  be 
easily  removed  prior  to  thermal  desorption.  A  second  advantage 
with  using  WCOT  columns  for  SPE  is  the  possibility  of  using  the  gas 
chromatograph  oven  to  both  heat  the  analytical  column  and  the  solid 
phase  extraction  column  simultaneously. 

In  previous  reports  submitted  to  the  Ministry,  the  extraction 
efficiency  of  SPE  columns  was  evaluated  and  a  chromatographic 
system  for  on-line  SPE  and  GC  determination  was  developed. 

The  continued  research  described  in  this  report  examines  the 
optimization  of  the  chromatographic  conditions  and  can  be  divided 
into  two  studies:  the  use  of  dual  capillary  analytical  columns  to 
enable  better  chromatographic  resolution  together  with  the  ability 
generate  confirmatory  data,  and,  the  incorporation  of  cryof ocussing 
to  improve  chromatographic  performance  and  sensitivity. 
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2 .  METHODOLOGY 

2.1.     General  Methodology 

2.1.1.     Standards  Preparation 


2.1.1.1.  A  stock  solution  of  Aroclor  1254  was  prepared  by 
transferring  quantitatively  the  ampoule  contents 
of  Supelco  (Supelco  Inc.,  Bellefonte,  PA)  Cat.  No. 
4-4808  Aroclor  1254,  1  mg/mL  solution  to  a  10  mL 
class  A  volumetric  flask.  BDH  Omnisolv  (BDH  Inc.  , 
Toronto,  Ontario)  iso-octane  was  used  to  prepare 
the  standard  to  a  final  concentration  of  100 
/ug/mL. 


2.1.1.2.  A  stock  solution  of  Aroclor  12  60  was  prepared  by 
transferring  quantitatively  the  ampoule  contents 
of  Supelco  (Supelco  Inc. ,  Bellefonte,  PA)  Cat.  No. 
4-4809  Aroclor  1260,  1  mg/mL  solution  to  a  10  mL 
class  A  volumetric  flask.  Iso-octane  was  used  to 
prepare  the  standard  to  a  final  concentration  of 
100  jug/mL. 


2.1.1.3.  A  10  jug/mL  1254:1260  (1:1)  mix  total  PCBs  spiking 
solution  was  prepared  by  transferring  500  /LtL  of 
each  of  the  PCB  stock  solution  into  a  10  mL  class 
A  volumetric  flask  containing  a  50/50  by  volume  of 
BDH  Omnisolv  (BDH  Inc. ,  Toronto,  Ontario)  methanol 
and  BDH  Omnisolv  (BDH  Inc.,  Toronto,  Ontario)  acetone. 


Paracel  Laboratories  Limited 


Page  10 


I 
I 

I 

p 
p 
p 


2.1.1.4.  A  1  jLig/mL  PCBs  intermediate  solution  was  prepared 
by  transferring  1.0  mL  of  the  10  /xg/mL  PCBs 
spiking  solution  into  a  10  mL  volumetric  flask  and 
making  to  the  mark  with  acetone. 

2.1.1.5.  A  1  /xg/mL  PCBs  injection  solution  was  prepared  by 
transferring  1.0  mL  of  the  10  jixg/mL  PCBs  spiking 
solution  into  a  10  mL  volumetric  flask  and  making 
to  the  mark  with  iso-octane. 

2.1.1.6.  A  stock  solution  of  decachlorobiphenyl  (DCB)  was 
prepared  by  transferring  quantitatively  the 
ampoule  contents  of  Supelco  (Supelco  Inc.  , 
Belief onte,  PA)  Cat.  No.  4-8318,  200  /xg/mL  DCB  in 
acetone,  to  a  10  mL  class  A  volumetric  flask. 
Acetone  was  used  to  prepare  the  standard  to  a 
final  concentration  of  20  jug/mL. 

2.1.1.7.  A  2.5  /Ltg/mL  DCB  spiking  solution  was  prepared  by 
transferring  1.25  mL  of  the  DCB  stock  solution 
into  a  10  mL  class  A  volumetric  flask  and  making 
to  the  mark  with  acetone. 

2.1.1.8.  A  25  ng/mL  DCB  spiking  solution  was  prepared  by 
transferring  100  /xL  of  the  2.5  /xg/mL  DCB  spiking 
solution  into  a  10  mL  volumetric  flask  and  making 
to  the  mark  with  acetone. 
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2.1.1.9.  A  mixed  PCB/DCB  injection  solution  was  prepared  by 
transferring  125  /uL  each  of  the  100  /ig/mL  Aroclor 
1254  and  1260  stock  solutions  and  2.5  inL  of  the  1 
Hq/mL  DCB  intermediate  solution  into  a  25  mL 
volumetric  flask  and  making  to  the  mark  with  iso- 
octane.  The  final  PCB  concentration  is  1  jug/mL 
and  100  ng/mL  for  DCB. 


2.1.1.10.  A  mixed  PCB/DCB  injection  solution  was  prepared  by 
transferring  1.0  mL  of  the  1  jitg/mL  PCB/DCB 
injection  solution  into  a  10  mL  volumetric  flask 
and  making  to  the  mark  with  iso-octane.  The  final 
PCB  concentration  is  0.1  /ug/mL  and  10  ng/mL  for 
DCB. 

2.1.1.11.  A  mixed  PCB/DCB  spiking  solution  was  prepared  by 
transferring  250  jiiL  of  the  1  jitg/mL  DCB 
intermediate  solution  and  0.5  mL  of  the  10  /Ltg/mL 
PCB  spiking  solution  into  a  10  mL  volumetric  flask 
and  making  to  the  mark  with  acetone.  The  final 
PCB  concentration  is  0.5  /zg/mL  and  25  ng/mL  for 
DCB. 

2.1.1.12.  A  1/10  mixed  PCB/DCB  spiking  solution  was  prepared 
by  transferring  1.0  mL  of  the  0.5  /xg/mL  PCB 
spiking  solution  into  a  10  mL  volumetric  flask  and 
making  to  the  mark  with  acetone.  The  final  PCB 
concentration  is  50  ng/mL  and  2.5  ng/mL  for  DCB. 
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2.1.1.13.  A  1/100  mixed  PCB/DCB  spiking  solution  was 
prepared  by  transferring  1.0  mL  of  the  50  ng/mL 
PCB  spiking  solution  into  a  10  mL  volumetric  flask 
and  making  to  the  mark  with  acetone.  The  final 
PCB  concentration  is  5  ng/mL  and  0.2  5  ng/mL  for 
DCB. 
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2.1.2.  Quantitation 


2.1.2.1.  Response  factors  were  used  for  all  quantitations 
reported  in  this  document. 

2.1.2.2.  Twenty  of  the  largest  peaks  from  the  Aroclor  mix 
injection  standard  and  thermal  desorption 
chromatographic  runs  were  selected  for 
quantitation.  The  peak  areas  for  the  selected 
peaks  were  summed  to  calculate  a  single  response 
factor  for  the  Aroclor  mix. 


2.1.3.     Gas  Chromatography 

Chromatography  was  performed  on  a  Varian  3400  Gas 
Chromatograph  equipped  with  a  dual  analytical  columns, 
dual  63Ni  Electron  Capture  Detectors  (ECD) ,  and  coupled 
to  a  Varian  Vista  402  data  processing  station.  The 
system  is  equipped  with  a  split/splitless  injector  and 
an  autosampler. 
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2.1.4.  Equipment 


2.1.4.1.  Bonded  Phase  Column  Rinse  Kit:  Chromatographic 
Specialties  Inc. ,  Brockville,  Ontario. 

2.1.4.2.  6-Port  Valco  Valve:  1/16  inch  ports  for  Purge  and 
Trap  or  HPLC  use,  Chromatographic  Specialties 
Inc. ,  Brockville,  Ontario. 

2.1.4.3.  Pressurized  Gases:    Air  Products,  Ottawa,  Ontario. 

2.1.4.4.  Pressure  Regulator:  100  psi  max.,  Model  VCD  1000, 
Porter  Instruments  Company,  Hatfield,  PA. 

2.1.4.5.  Deactivated  Fused  Silica  Tubing:  0.25  mm  ID  x  0.4 
mm  OD  and  0.53  mm  x  0.8  mm  OD,  Chromatographic 
Specialties,  Brockville,  Ontario. 

2.1.4.6.  Fused  Silica  Unions:  Universal  Fused  Silica 
Union,  Chromatographic  Specialties,  Brockville, 
Ontario. 

2.1.4.7.  Needle  Valve:  Valco,  Chromatographic  Specialties, 
Brockville,  Ontario. 

2.1.4.8.  Graduated  Centrifuge  Tubes  (15  mL,  glass):  Fisher 
Scientific,  Ottawa,  Ontario. 
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2.1.5.     Gas  Chromatographic  Conditions:  Megabore  Column 


Analytical 
Column: 


SPE  Column: 


10  m  x  0.53  mm,  1.5  /xm  film 
thickness  DB-5,  J&W 
Scientific,  Folsom, 
California . 

1  m  x  0.53  mm,  1.5  /xm  film 
thickness  DB-5,  J&W 
Scientific,  Folsom, 
California. 


Carrier  Gas  Flow 
Through  SPE  column: 

Flow  Through 
Analytical  Column: 

Flow  Through  Needle 
Valve  to  Waste: 

Make-up  Gas: 

Column  Head  Pressure: 

Autosampler  Purge  Gas: 

Autosampler  Injection  Volume: 

Temperature  Program: 

INITIAL  COL  TEMP: 
INITIAL  COL  HOLD  TIME: 
PRGM  1  FINAL  COL  TEMP: 
PRGM  1  COL  RATE: 
PRGM  1  COL  HOLD  TIME: 
PRGM  2  FINAL  COL  TEMP: 
PRGM  2  COL  RATE: 
PRGM  2  COL  HOLD  TIME: 


He  at  approx.   3  0  mL/min 

He  at  approx.     5  mL/min 

He  at  approx.   2  5  mL/min 
N2  at  approx.   2  5  mL/min 
14  psi 

N2 

2  /XL 


50°C 
0  min 
150°C 
25°C/min 
0  min 
320°C 
10°C/min 
8  min 


Injector  Temperature: 
Detector  Temperature: 


250°C 
300°C 


Paracel  Laboratories  Limited 


Page  16 


Figure  1:  SPE  System  Comprised  of  6-Port  Valve  with  Splitter  and 
Megabore  Column 


Load 


Injector  I 

To  Detectors 


Inject 
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2.2.     Optimization  of  the  SPE  Conditions 

2.2.1.     General  Extraction  Procedure  for  SPE 

The  inlet  of  the  deactivated  length  of  capillary  tubing 
was  positioned  in  the  column  rinsing  apparatus  with  the 
opening  below  the  1  mL  graduation  mark  of  a  15  mL 
graduated  centrifuge  sample  tube.  This  length  was  used 
as  a  transfer  line  for  the  solution  from  the  sample 
vessel  to  the  SPE  column. 

A  solution  of  Ottawa  tap  water : methanol  (60:40  by- 
volume)  was  added  to  the  centrifuge  sample  tube  to  the 
10  mL  graduation  mark  on  the  tube.  Methanol  is  mixed 
with  the  water  samples  to  keep  the  hydrophobic  PCBs  in 
solution  until  reaching  the  SPE  column.  The  optimum 
amount  of  methanol  to  add  was  determined  in  previous 
studies  (see  Appendix  2)  .  The  solution  was  then 
fortified  with  an  aliquot  of  the  mixed  spiking  solution 
(see  section  2.1.1.11).  The  contents  of  the  tube  were 
vortexed  for  about  10  seconds. 

The  sample  tube  was  reinstalled  in  the  column  rinsing 
apparatus  with  the  Valco  valve  in  the  "load"  position 
and  the  GC  set  at  a  starting  temperature  of  50 °C.  The 
fortified  solution  was  passed  through  the  extraction 
column  at  a  flow  rate  of  about  0.75  mL/min  (or  20 
minutes  total  time)   until  the  meniscus  of  the  spiked 
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solution  in  the  tube  reached  the  1  mL  graduation. 
Therefore  a  total  of  9  mL  of  the  fortified  solution,  or 
5.4  mL  of  water,  was  passed  through  the  SPE  column. 

The  sample  tube  with  the  remaining  1  mL  of  solution  was 
removed  from  the  apparatus  and  replaced  with  a  clean, 
dry  tube.  Helium  was  then  passed  through  the  solid 
phase  extraction  column  in  order  to  remove  any  water 
remaining  on  the  extraction  column.  The  valve  remained 
in  the  "load"  position  for  10  minutes  during  this 
drying  step. 

At  the  end  of  the  10  minute  drying  time,  the  valve  was 
switched  from  the  "load"  position  to  the  "inject" 
position.  The  GC  temperature  program  and  Vista  4  02 
data  acquisition  were  initiated  by  manually  pressing 
the  start  switch  on  the  GC  injection  port. 
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2.3.     Study  A:  Switch  to  Dual  Capillary  Analytical  Columns 

The  DB-5  megabore  analytical  column  was  removed  and 
replaced  with  dual  capillary  columns  (DB-1  and  DB-1701) 
connected  to  separate  ECDs.  The  two  analytical  columns 
were  joined  by  a  Chromfit  "Y"  splitter.  A  small  length, 
about  10  cm,  of  0.25  mm  deactivated  fused  silica  column  was 
installed  in  the  inlet  of  the  "Y".  The  other  end  of  the 
0.25  mm  tubing  was  installed  in  one  end  of  a  1/16"  SS  union 
T  fitting  with  a  0.53  mm  deactivated  fused  silica  column  in 
the  opposite  end.  The  0.2  5  mm  tubing  was  inserted  such 
that  about  3  cm  of  the  tubing  was  placed  inside  the  0.53  mm 
tubing.  The  inlet  end  of  the  0.53  mm  tubing  was  installed 
in  port  #5  of  the  SS  6  port  valve.  The  third  fitting  of 
the  union  "T"  was  connected  to  a  needle  valve  to  regulate 
the  split  flow  to  the  waste.  This  configuration  is 
illustrated  in  Figure  2. 
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2.3.1.     Gas  Chromatographic  Conditions:  SPE/Dual  Capillaries 


Analytical 
Columns : 


SPE  Column: 


Carrier  Gas  Flow 
Through  SPE  column: 

Flow  Through 
Analytical  Columns: 


30  m  x  0.25  mm,  0.25  jum  film 
thickness  DB-1  and  DB-1701, 
J&W  Scientific,  Folsom, 
California. 

1  m  x  0.53  mm,  1.5  jum  film 
thickness  DB-5,  J&W 
Scientific,  Folsom, 
California . 


He  at  approx.   38  mL/min 


He  at  approx.  5  mL/min  total, 
(2.5  mL/min  per  column). 


Flow  Through  Needle 
Valve  to  Waste: 

Make-up  Gas: 

Column  Head  Pressure: 

Autosampler  Purge  Gas: 

Autosampler  Injection  Volume: 

Temperature  Program: 

INITIAL  COL  TEMP: 
INITIAL  COL  HOLD  TIME: 
PRGM  1  FINAL  COL  TEMP: 
PRGM  1  COL  RATE: 
PRGM  1  COL  HOLD  TIME: 
PRGM  2   FINAL  COL  TEMP: 
PRGM  2  COL  RATE: 
PRGM  2  COL  HOLD  TIME: 


He  at  approx.   33  mL/min 
N2  at  approx.   2  8  mL/min 
20  psi 
N2 

2  flit 


50°C 
0  min 
150°C 
25°C/min 
0  min 
300°C 
8°C/min 
8  min 


Injector  Temperature: 
Detector  Temperature: 


250°C 
300°C 
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Figure  2:  SPE  System  Comprised  of  6-Port  Valve  with  Splitter  and 
Dual  Analytical  Columns 


Load 
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2.3.2.  Calibration  and  Detection  Limit  Estimation 

The  general  extraction  procedure  for  SPE  (see  section 
2.2.1)  was  repeated;  each  run  at  a  different 
fortification  level  using  the  following  volumes  of 
mixed  spiking  solution:  0,  6,  12,  24,  48,  and  96  jiiL. 
This  corresponds  to  concentrations  in  the  water  of  0, 
0.5,  1,  2,  4,  and  8  jug/L  of  PCBs  and  0,  25,  50,  100, 
200,   and  400  ng/L  of  DCB. 

A  detection  limit  for  PCBs  was  estimated  based  on  the 
results  of  the  calibration  and  examination  of  the 
signal  to  noise  ratio  of  the  chromatography  system. 

2.3.3.  Calculation  of  MDLs  for  PCBs  using  MISA  Protocols 

The  general  extraction  procedure  for  SPE  was  repeated 
8  times  with  the  water /methanol  solutions  fortified 
with  30  fih  of  the  1/10  mixed  spiking  solution.  The 
method  detection  limit  (MDL)  for  PCBs  was  calculated 
using  the  MISA  protocol  for  MDL  determinations. 
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2.4.     Study  B:  Incorporation  of  Cryof ocussing 

The  splitter  valve  assembly  was  removed  from  the  GC  system. 
A  1/16"  SS  "T"  was  installed  over  the  middle  of  a  section 
of  0.53  mm  ID  deactivated  fused  silica  tubing.  One  end  of 
the  tubing  was  installed  in  port  #5  of  the  6  port  valve, 
and  the  other  end  installed  in  the  inlet  of  the  "Y" 
splitter  ahead  of  the  analytical  columns.  One  end  of  the 
union  "T"  fitting  had  the  column  seated  with  a  vespel 
ferrule  while  the  opposite  end  of  the  union  "T"  fitting  was 
left  open  around  the  deactivated  tubing.  The  perpendicular 
fitting  of  the  union  T  was  connected  directly  to  a 
compressed  C02  tank,  fitted  with  a  diptube,  without  a 
pressure  regulator.  This  configuration  is  illustrated  in 
Figure  3 . 
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2.4.1.     Gas  Chromatographic  Conditions:  SPE/Cryof ocussing 


Analytical 
Columns : 

SPE  Column: 

Flow  Through 
Analytical  Columns: 

Make-up  Gas: 


3  0  m  x  0.25  mm ,  0.25  jum  f  i  lm 
thickness  DB-1  and  DB-1701, 
J&W  Scientific,  Folsom, 
California. 

1  m  x  1.5  mm ,  1.5  /urn  f  i  lm 
thickness  DB-5,  J&W 
Scientific,  Folsom, 
California . 


He  at  approx.  2  mL/min  per 
column . 

N2  at  approx.   28  mL/min 


Column  Head  Pressure:  2  0  psi 

Autosampler  Purge  Gas:  N2 

Autosampler  Injection  Volume:  2  fiL 

Temperature  Program: 

INITIAL  COL  TEMP:  50 °C 

INITIAL  COL  HOLD  TIME:  0  min 

PRGM  1  FINAL  COL  TEMP:  150 °C 

PRGM  1  COL  RATE:  25°C/min 

PRGM  1  COL  HOLD  TIME:  0  min 

PRGM  2   FINAL  COL  TEMP:  3  00 °C 

PRGM  2  COL  RATE:  8°C/min 

PRGM  2  COL  HOLD  TIME:  8  min 


Injector  Temperature:  250°C 
Detector  Temperature:  3  00 °C 
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Figure  3:  SPE  System  Comprised  of  6-Port  Valve,  Cryof ocussing  and 
Dual  Analytical  Columns 


) 
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2.4.2.     General  Extraction  Procedure  for  SPE/Cryof ocussing 

The  inlet  of  the  deactivated  length  of  capillary  tubing 
was  positioned  in  the  column  rinsing  apparatus  with  the 
opening  below  the  1  mL  graduation  mark  of  a  15  mL 
graduated  centrifuge  sample  tube. 

A  solution  of  Ottawa  tap  water : methanol  (60:40)  was 
added  to  the  centrifuge  sample  tube  to  the  10  mL 
graduation.  The  solution  was  fortified  with  an  aliquot 
of  the  mixed  spiking  solution  (see  section  2.1.1.11). 
The  contents  of  the  tube  were  vortexed  for  about  10 
seconds . 

The  sample  tube  was  reinstalled  in  the  column  rinsing 
apparatus  with  the  Valco  valve  in  the  "load"  position 
and  the  GC  set  at  the  method  starting  temperature  of 
50°C.  The  fortified  solution  was  passed  through  the 
extraction  column  at  a  flow  rate  of  about  0.75  mL/min 
(or  20  minutes  total  time)  until  the  meniscus  of  the 
spiked  solution  in  the  tube  reached  the  1  mL 
graduation.  A  total  of  9  mL  of  the  fortified  solution, 
and  therefore  5.4  mL  of  water,  was  passed  through  the 
SPE  column. 

The  sample  tube  with  the  remaining  1  mL  of  solution  was 
removed  from  the  apparatus  and  replaced  with  a  clean, 
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dry  tube.  Helium  was  passed  through  the  solid  phase 
extraction  column  in  order  to  remove  any  water 
remaining  on  the  extraction  column.  The  valve  remained 
in  the  "load"  position  for  10  minutes  during  this 
drying  step. 

At  the  end  of  the  10  minute  drying  time,  the  valve  on 
the  C02  tank  was  opened  1  full  turn  to  cool  the  length 
of  fused  silica  tubing.  After  a  1  minute  waiting 
period  the  SS  6-port  valve  was  switched  from  the  "load" 
position  to  the  "inject"  position.  An  isothermal 
method  was  activated  on  the  GC  having  an  oven 
temperature  of  250°C.  The  oven  was  allowed  to  remain 
at  250°C  for  2  minutes,  and  then  cooled  to  50 °C.  Once 
the  oven  temperature  had  returned  to  50 °C,  the  valve  on 
the  C02  tank  was  closed  followed  by  a  1  minute  waiting 
period.  The  GC  temperature  program,  as  described  in 
section  2.4.1,  and  Vista  402  data  acquisition  were 
initiated  by  manually  pressing  the  start  switch  on  the 
GC  injection  port. 
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2.4.3.  Calibration  and  Detection  Limit  Estimation 

The  general  extraction  procedure  for  SPE/cryof ocussing 
(see  section  2.4.2.)  was  repeated;  each  run  at  a 
different  fortification  level  using  the  following 
volumes  of  mixed  spiking  solution:  0,  10,  20,  and  4  0  /iL 
of  1/100  mixed  spiking  solution  and  8  /xL  of  the  1/10 
mixed     spiking     solution.  This      corresponds  to 

concentrations  in  the  water  of  0,  8.3,  16.7,  33.3,  and 
66.7  ng/L  of  PCBs  and  0,  0.46,  0.92,  1.85,  and  3.70 
ng/L  of  DCB. 

A  detection  limit  for  PCBs  was  estimated  based  on  the 
results  of  the  calibration  and  examination  of  the 
signal  to  noise  ratio  of  the  chromatography  system. 

2.4.4.  Calculation  of  MDLs  for  PCBs  using  MISA  Protocols 

The  general  extraction  procedure  for  SPE/cryof ocussing 
was  repeated  8  times  each  sample  solution  fortified 
with  10  /iL  of  the  1/100  mixed  spiking  solution.  The 
method  detection  limit  (MDL)  for  PCBs  was  calculated 
using  the  MISA  protocol  for  MDL  determinations. 
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3.     RESULTS  AND  DISCUSSION 

3.1.     Optimization  of  the  SPE  Conditions 

Previous  studies  involved  the  development  of  a  system 
enabling  the  combination  of  SPE  with  thermal  desorption  to 
a  gas  chromatograph.  The  system  includes  a  6  port  valve, 
a  pressurized  vessel  for  transferring  the  water  sample  to 
the  SPE  column  and  a  flow  splitter  used  to  optimize  the 
chromatographic  injection  by  minimizing  band  broadening. 

The  apparatus  used  to  pass  the  sample  solution  through  the 
extraction  column  is  illustrated  in  Figure  4.  The 
equipment  is  commercially  available  and  is  commonly  used  to 
rejuvenate  bonded  phase  WCOT  capillary  gas  chromatography 
columns.  This  procedure  is  described  in  detail  in  the 
methodology  section  of  this  report. 

The  potential  surrogate  tetrachloro-m-xylene  (TCX)  was  not 
examined  in  the  work  performed  during  this  stage  of  the 
project.  Previous  studies  indicated  that  polar  compounds 
such  as  TCX  had  poor  SPE/thermal  desorption  recoveries. 
The  amount  of  methanol  mixed  with  the  water  samples  was 
found  to  have  a  significant  effect  on  the  retention  of  TCX 
to  the  WCOT  extraction  column.  Further  studies  would  be 
required  to  optimize  an  SPE/thermal  desorption  system  for 
polar  compounds. 
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Because  of  the  selective  adsorption  of  compounds  to  the  SPE 
column  from  the  methanol/water  solution,  interferences  are 
minimized  resulting  in  chromatograms  with  reasonably  clean 
baselines . 

The  variables  investigated  for  optimization  of  the 
developed  configuration  for  PCBs  were:  the  incorporation 
of  dual  capillary  analytical  columns  and  cryof ocussing  into 
the  SPE/desorption  procedure. 
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Figure  4:  Column  Rinsing  Kit  Used  for  Sample  Introduction  to  SPE 
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3.2.     Study  A:  Switch  to  Dual  Capillary  Analytical  Columns 

In  keeping  with  the  recognized  MOE  method  for  the 
determination  of  PCBs,  two  analytical  columns  of  slightly 
different  stationary  phase  polarities  (DB-1  and  DB-1701) 
were  installed  in  the  gas  chromatograph,  each  connected  to 
a  separate  electron  capture  detector.  The  replacement  of 
the  megabore  column  used  in  previous  studies  was  thought  to 
enable  better  chromatographic  resolution  and  the  ability  to 
generate  confirmatory  data  with  retention  time  deltas. 

3.2.1.     Calibration  and  Detection  Limit  Estimations 

The  calibration  curves  produced  for  both  PCBs  and  DCB 
using  the  flow  splitter  GC  configuration  had  lower 
correlation  coefficients  than  that  for  the  samples 
using  cryof ocussing.  The  calibration  data  for  the  GC 
configuration  with  the  flow  splitter  is  listed  in  Table 
1. 
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Table  1:     Calibration  Data  for  Thermal  Desorption  of  PCBs 
using  Flow  Splitter  Valve  and  Dual  Capillaries 


CONCENTRATION 
OF  PCBs 
(jUg/L) 

AREA  COUNTS 

0 

0 

0 .  5 

1649016 

1 

2112650 

2 

4301224 

4 

9162340 

8 

24316520 

Figure  5:  Calibration  of  SPE  System  for  PCBs  -  Flow  Splitter 
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Table  2:     Calibration  Data  for  Thermal  Desorption  of  DCB 
using  Flow  Splitter  Valve  and  Dual  Capillaries 


CONCENTRATION 
OF  DCB 
(ng/L) 

AREA  COUNTS 

0 

0 

25 

315978 

50 

705871 

100 

389097 

200 

1203980 

400 

3118260 

Figure  6:  Calibration  of  SPE  System  for  DCB    -  Flow  Splitter 
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3.2.2.     Calculation  of  MDLs  for  PCBs  using  MISA  Protocols 

Based  on  the  calibration  data,  the  detection  limit  for 
PCBs  when  using  the  GC  configuration  with  the  flow 
splitter  was  estimated  to  be  about  50  ng/L.  On  that 
basis  the  concentration  of  PCBs  used  in  the  MISA  method 
detection  limit  replicates  was  250  ng/L,  which  was 
between  5  and  10  times  the  estimated  detection  limit  as 
specified  under  MISA  regulations.  As  can  be  seen  in 
Table  3,  the  detection  limit  calculated  using  the  MISA 
protocol  was  55  ng/L  for  PCBs. 
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Table  3:     MISA  Protocol  Detection  Limits  for  PCBs  using  Flow 
Splitter  Valve  and  Dual  Capillaries 


SAMPLE  ID 

CALCULATED  PCB  CONCENTRATION 
(ng/L) 

MDL  Rep  #1 

169 

MDL  Rep  #2 

168 

MDL  Rep  #3 

141 

MDL  Rep  #4 

170 

MDL  Rep  #5 

148 

MDL  Rep  #6 

137 

MDL  Rep  #7 

157 

MDL  Rep  #8 

198 

Mean 
Std  Dev 
Rel  Std  Dev 

161 
18 
11% 

MISA  MDL  Calc:    (Std  Dev  x  2.998)   =         55  ng/L 
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3.3.     Study  B:  Incorporation  of  Cryof ocussing 

The  introduction  of  cryof ocussing  to  the  GC  configuration 
and  thermal  desorption  procedure  achieved  improvements  in 
the  peak  shape  of  the  analytes,  a  more  linear  calibration 
curve,   and  lower  detection  limits. 

The  peak  widths  at  half  height  for  a  typical  PCB  peak 
decreased  from  about  6  seconds  with  the  splitter 
configuration  to  about  3  seconds  when  cryof ocussing  was 
introduced.  Figure  7  illustrates  the  difference  in  PCB 
peak  shapes  for  chromatograms  produced  using  the  splitter 
configuration  and  another  using  cryof ocussing . 

The  split  valve  was  originally  installed  in  the  system  to 
imrove  peak  shape  by  sweeping  the  analytes  from  the  SPE 
column  during  desorption  with  a  high  flow  of  carrier  gas. 
To  accomodate  the  increased  flow,  a  large  portion  of  the 
sample  was  vented  in  the  process.  With  the  cryof ocusing 
configuration,  the  entire  sample  is  passed  to  the 
analytical  columns  and  detection  system.  This,  along  with 
the  shorter  peakwidths,  had  a  significant  effect  on  the 
detection  limit,   lowering  it  by  an  order  of  magnitude. 

The  calibration  for  the  splitter  configuration  was  not  as 
linear  as  that  for  the  cryof ocussing  system  likely  due  to 
the    split    repeatability    and   possibly    a    widely  varying 
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amount  of  moisture.  Throughout  this  study  we  were 
concerned  about  the  residual  water  being  transfered  to  the 
analytical  columns  from  the  SPE  column.  While  the 
cryof ocussing  cooling  was  operating,  no  freeze-up  of  the 
flow  was  observed,  indicating  that  little  moisture  must 
have  been  desorbed  along  with  the  analytes.  This  would 
indicate  that  a  10  minute  drying  step  in  the  extraction 
procedure  is  effective  in  removing  moisture  from  the  SPE 
column. 

3.3.1.     Calibration  and  Detection  Limit  Estimation 

The  calibration  data  was  linear  and  allowed  the 
detection  limit  for  PCBs  to  be  estimated  at  about  1 
ng/L. 
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Figure  7:  comparison   of    PCB   Peak   Shapes    for   a  Chromatogram 
Produced  using  Splitter  and  one  using  cryof ocussing 
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Table  4:     Calibration  Data  for  Thermal  Desorption  of  PCBs 
using  Cryof ocussing  with  Dual  Capillaries 


CONCENTRATION 
OF  PCBs 
(ng/L) 

AREA  COUNTS 

0 

0 

8 .  3 

693611 

16.7 

1221818 

33.3 

2238145 

66.7 

4667663 

Figure  8:  Calibration  of  SPE  System  for  PCBs  -  Cryof ocussing 
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Table  5:     Calibration  Data  for  Thermal  Desorption  of  DCB 
using  Cryofocussing  with  Dual  Capillaries 


CONCENTRATION 
OF  DCB 
(ng/L) 

AREA  COUNTS 

0 

0 

0.46 

56983 

0.92 

114099 

1.8 

253907 

3.7 

419228 

Figure  9:  Calibration  of  SPE  System  for  DCB    -  Cryofocussing 
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3.3.2.     Calculation  of  MDLs  for  PCBs  using  MISA  Protocols 

Based  on  the  calibration  data,  the  detection  limit  for 
PCBs,  when  using  the  GC  configuration  with  the 
cryofocusing  unit,  was  estimated  to  be  about  1  ng/L. 
On  that  basis  the  concentration  of  PCBs  used  in  the 
detection  limit  replicates  was  8.3  ng/L  which  was 
between  5  and  10  times  the  estimated  detection  limit, 
as  specified  under  MISA  regulations.  As  can  be  seen  in 
Table  6,  the  detection  limit  calculated  using  the  MISA 
criteria  was  4.4  ng/L  for  PCBs,  a  10  fold  decrease  over 
the  splitter  method. 

It  should  be  noted  that  the  MISA  guidelines  for 
detection  limit  determination  are  not  universally 
accepted.  Based  on  the  chromatographic  results 
obtained,  a  lower  method  detection  limit  of  about  1 
ng/L  for  PCBs  could  be  reported. 

Future  studies  to  further  lower  the  detection  limits 
should  consider  the  multiple  loading  of  samples. 
Sequential  SPE  and  thermal  desorption  of  samples  to  the 
cryocooled  focus  area  of  column  would  be  repeated 
several  times.  The  cooling  would  then  be  halted  and 
the  sum  of  the  analytes  allowed  to  pass  through  the 
analytical  columns  to  the  detectors. 
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Table  6:     MISA  Protocol  Detection  Limits  for  PCBs  using 
Cryof ocussing  with  Dual  Capillaries 


SAMPLE  ID 

CALCULATED  PCB  CONCENTRATION 
(ng/L) 

MDL  Rep  #1 

9  .  2 

MDL  Rep  #2 

13  .  0 

MDL  Rep  #3 

13  .  2 

MDL  Rep  #4 

10 .  1 

MDL  Rep  #5 

12  .  5 

MDL  Rep  #6 

10.  1 

MDL  Rep  #7 

9  .  9 

MDL  Rep  #8 

10.9 

Mean 
Std  Dev 
Rel  Std  Dev 

11.  1 
1.5 

13% 

MISA  MDL  Calc:    (Std  Dev  x  2.998)   =         4.4  ng/L 


Paracel  Laboratories  Limited 


Page 


4.      CONCLUSIONS  AND  RECOMMENDATIONS 


The  measurement  of  specific  analytes  using  SPE  combined  with 
thermal  desorption  from  a  WCOT  column  has  been  demonstrated.  The 
system  we  have  developed  shows  promise  for  the  automated 
determination  of  polychlorinated  biphenyls  from  drinking  water  in 
the  parts-per-trillion  range. 


The  recommended  extraction  procedure  involves: 

1)  the  preparation  of  the  water  sample  by  mixing  with  methanol  to 
make  a  60:40  water : methanol  solution, 

2)  adding  10  mL  of  the  sample  solution  to  the  sample  tube  and 
installing  the  tube  in  the  column  rinse  kit  for  introduction  to 
the  SPE  column, 

3)  transfering  9  mL  of  the  sample  onto  a  1  m  x  0.53  mm  DB-5  column 
at  0.75  mL/min;  this  is  equivalent  to  performing  SPE  on  5.4  mL 
of  the  original  water  sample, 

4)  replacing  the  sample  tube  containing  the  remainder  of  sample 
solution  with  a  clean,  dry  tube,  and  drying  the  SPE  column  with 
N2  for  10  minutes, 

5)  initiating  cryof ocusing,  and  after  1  minute,  switching  the 
valve  to  "inject"  and  heating  the  oven  the  to  250 °C  for  2 
minutes,  so  that  the  SPE  analytes  are  transfered  to  the 
cryocooled  length  of  column,  and, 

6)  cooling  the  oven  back  to  50  °C,  stopping  the  cryof  ocusing ,  and, 
after  a  1  minute  equilibration,  initiating  a  GC  temperature 
program  to  desorb  the  analytes  from  the  length  of  column  and 
effect  the  development  of  the  chromatogram. 


The  system  allows  for  additional  SPE/thermal  desorption  studies 
using  WCOT  columns  for  a  variety  of  compounds.  The  configuration 
has  been  used  only  for  one  difficult  analysis  and,    with  further 
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study,  should  prove  equally  successful  in  other  applications 
including:  organochlorine  pesticides ,  organophosphorous  pesticides, 
and    polyaromatic  hydrocarbons. 

Paracel  has  developed  and  instituted,  as  part  of  its  ongoing  effort 
to  further  improve  quality  control,  a  surrogate  for  use  in  the 
routine  analysis  of  PCBs.  The  surrogate  has  proven  to  withstand 
the  PCB  extraction  and  cleanup  procedures  for  oils,  waters,  and 
soils . 

Other  variables  to  further  lower  the  detection  limit  should  be 
examined,  including  the  multiple  loading  of  samples  using 
cryof ocussing ,   as  should  automation  of  the  system. 
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EXECUTIVE  SUMMARY 


The  possibility  of  performing  Solid  Phase  Extraction  (SPE)  of 
organic  compounds,  from  water  samples,  in  conjunction  with 
thermal  desorption  to  a  gas  chromatograph  has  been  evaluated. 
Using  wall  coated  open  tubular  (WCOT)  columns,  for  solid  phase 
extraction,  and  a  megabore  WCOT  analytical  column,  we  have 
developed  a  system  for  the  guantitative  recovery  of 
decachlorobiphenyl  from  water  in  the  part-per-trillion  range 
using  electron  capture  detection. 

Initial  studies  concentrated  on  the  removal  of  polychlorinated 
biphenyls  (PCBs)  from  water  using  a  solid  phase  extraction  column 
by  determining  if  breakthrough  was  occurring.  Using  commercially 
available  DB-1  or  DB-5  stationary  phase  WCOT,  the  removal  of 
PCBs  from  water  was  found  to  be  guantitative  in  the  ppb  range. 

In  the  development  of  an  on-line  system  using  valves,  the  major 
limitation  was  keeping  the  organic  analytes  in  solution  such 
that  they  could  be  transported  to  the  adsorption  column.  Our 
tests  indicate  that  up  to  25  percent  of  the  PCBs  do  not  reach  the 
solid  phase  extraction  column  when  a  water  sample  has  been 
contained  in  a  glass  vial  and  passed  through  a  short  length  of 
deactivated  fused  silica  tubing.  When  methanol  is  added  to  the 
water  prior  to  the  extraction  process,  the  analytes  stay  in 
solution  while  in  transport  to  the  solid  phase  extraction  column. 
This  development  was  critical  to  this  project  and  was  needed  to 
allow  for  guantitative  work  using  this  technigue. 

Later  studies  involved  the  development  of  a  system  enabling  the 
study  of  the  variables  affecting  SPE  and  thermal  desorption  to  a 
gas  chromatograph.  The  system  includes  a  6  port  valve,  a 
pressurized  vessel  for  transferring  the  water  sample  to  the  SPE 
column  and  a  flow  splitter  used  to  optimize  the  chromatographic 
injection.  The  SPE  column,  in  this  system,  is  thermally  desorbed 
without  the  need  for  a  separate  heating  chamber  because  the  SPE 
column  is  positioned  in  the  gas  chromatograph  oven. 

The  system  developed  could  potentially  function  in  an  automated 
fashion  for  drinking  water.  The  savings  in  labour  relative  to 
the  methods  in  current  use  at  the  Ministry  are  enormous.  In 
addition,  since  all  the  extracted  analytes  are  determined  by  gas 
chromatography,  only  a  small  amount  of  sample  (10  milliliters 
compared  to  1  litre)  is  reguired  to  perform  a  determination  with 
detection  limits  better  than  those  currently  reported  by  the 
Ministry. 

Future  work  will  involve  optimising  the  conditions  of  the  system 
and  investigating  the  suitability  of  the  method  for  a  wider  range 
of  compounds  other  than  decachlorobiphenyl. 
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The  use  of  solid  phase  extraction,  for  aqueous  samples,  combined 
with  thermal  desorption  to  a  gas  chromatograph  has  not  been 
reported  in  the  literature,  according  to  our  knowledge,  and  we 
are  the  first  to  report  success  using  this  hybridized 
methodology. 
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1 .  INTRODUCTION 


This  interim  report  presents  the  results  of  research  into  the 
development  of  analytical  methodology  for  organic  analytes  in 
water  using  solid  phase  extraction  (SPE)  followed  by  thermal 
desorption  to  a  gas  chromatograph . 

The  SPE  technigue  involves  passing  large  volumes  of  water 
containing  organic  compounds  through  a  column  packed  with  an 
adsorbent  bonded  to  a  solid  support  or  through  a  Wall  Coated  Open 
Tubular  (WCOT)  column  in  which  the  inside  wall  is  coated  with  a 
bonded  liquid  phase.  The  analytes  are  adsorbed,  during  the  SPE 
process,  due  to  their  partition  coefficient  between  the  water  and 
the  bonded  liquid  phase  which  favors  the  stationary  phase.  SPE 
is  currently  being  used  to  isolate  analytes  from  water  and 
solvent  desorption  is  used,  in  most  cases,  to  isolate  the  sorbed 
compounds.  Subsequent  determination  is  typically  performed  using 
a  small  aliquot  of  SPE  extract  for  chromatography. 

Some  of  the  advantages  in  using  SPE  when  combined  with  solvent 
desorption  are  as  follows: 

1.        The    number    of    samples    that    can    be   processed   daily  is 
increased  and  the  cost  per  analysis  is  reduced. 
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2. 


The  potential  of  improved  repeatability  and  reduction  of 


operator    error    due    to    fewer    steps    in    the  analytical 


procedure. 


4. 


The  use  of  large  volumes  of  solvent  and  the  cost  of  their 


disposal  are  essentially  eliminated. 


5. 


The     process     is     more     amenable     to     automated  sample 


preparation  systems. 


Despite  the  theoretical  advantages  of  using  SPE  in  conjunction 
with  thermal  desorption,  there  are  no  reports  in  the  literature 
involving  the  combination  of  SPE  for  water  samples  and  thermal 
desorption  to  a  gas  chromatograph. 

In  our  initial  work,  a  mixture  of  two  Aroclors  (1254  and  1260) 
was  used  to  evaluate  SPE  of  polychlorinated  biphenyls  (PCBs)  in 
water.  PCBs  were  selected  because  of  their  thermal  stability, 
low  volatility  and  low  polarity.  The  complex  chromatograms 
generated  by  the  PCB  mixtures  made  quantitation  and  detection 
problematic.  In  the  later  studies,  decachlorobiphenyl  was  used 
to  simulate  PCB  mixtures.  The  quantitation  based  on  one  peak 
only  was  both  simpler  and  more  accurate. 

The  research  performed  to  date  on  this  project  can  be  divided 
into   two   studies.       In   the   first   study,    solid   phase  adsorbents 
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were  evaluated  for  their  ability  to  remove  the  organic  analytes 
from  the  water.  In  the  second  study,  a  system  enabling  SPE  and 
thermal  desorption  was  developed.  The  system  was  designed  to 
provide  good  chromatographic  results  and  recovery. 

In  most  reports,  a  packed  column  is  typically  used  in  the  SPE  of 
organic  analytes  from  water.  Such  columns  are  not  amenable  to 
the  use  of  thermal  desorption  because  of  the  amount  of  water 
retained  in  the  interstitial  regions  of  the  solid  support.  The 
introduction  of  as  little  as  1  micro  litre  of  water  can 
significantly  degrade  the  chromatographic  performance  of  most 
conventional  phases  used  for  WCOT  columns.  We  have  used  WCOT 
columns  for  SPE  because  we  anticipate  that  less  water  will  be 
adsorbed  than  using  packed  SPE  columns  and  the  media  should  allow 
for  the  water  to  be  easily  removed  prior  to  thermal  desorption. 
A  second  advantage  with  using  WCOT  columns  as  SPE  columns  is  the 
possibility  of  using  the  gas  chromatograph  oven  to  both  heat  the 
analytical  column  and  the  solid  phase  extraction  column 
simultaneously. 
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2 .  METHODOLOGY 

2.1.     General  Methodology 

2.1.1.     Standards  Preparation 

A  stock  solution  of  Aroclor  12  54  was  prepared  by 
transferring  quantitatively  the  ampule  contents 
of  Supelco  (Supelco  Inc.,  Bellefonte,  PA)  Cat. 
No.  4-4808  Aroclor  1254,  1  mg/mL  solution  to  a  10 
mL  class  A  volumetric  flask.  BDH  Omnisolv  (BDH 
Inc.  ,  Toronto,  Ontario)  iso-octane  was  used  to 
prepare  the  standard  to  a  final  concentration  of 
100  /xg/mL. 

2.1.1.2.  A  stock  solution  of  Aroclor  1260  was  prepared  by 
transferring  quantitatively  the  ampule  contents 
of  Supelco  (Supelco  Inc.,  Bellefonte,  PA)  Cat. 
No.  4-4809  Aroclor  1260,  1  mg/mL  solution  to  a  10 
mL  class  A  volumetric  flask.  BDH  Omnisolv  (BDH 
Inc.  ,  Toronto,  Ontario)  iso-octane  was  used  to 
prepare  the  standard  to  a  final  concentration  of 
100  /Lig/mL. 

2.1.1.3.  A  10  /Lig/mL  1254:1260  (1:1)  mix  total  PCBs  spiking 
solution  was  prepared  by  pipetting  500  /liL  of  each 
the   above   stock  solutions   into  a   10  mL  class  A 


2.1.1.1. 


i 


Paracel  Laboratories  Limited 


Page  10 


volumetric  flask  containing  a  50/50  by  volume  of 
methanol  and  acetone. 

2.1.1.4.  A  1  /Ltg/mL  PCBs  intermediate  solution  was  prepared 
by  pipetting  1.0  mL  of  the  above  10  /ig/mL  PCBs 
spiking  solution  into  a  10  mL  volumetric  flask 
and  making  to  the  mark  with  BDH  Omnisolv  (BDH 
Inc. ,  Toronto,  Ontario)  acetone. 


2.1.1.5.  A  50  ng/mL  PCBs  spiking  solution  was  prepared  by 
pipetting  0.5  mL  of  the  above  1  ng/mL 
intermediate  solution  into  a  10  mL  volumetric 
flask  and  making  to  the  mark  with  acetone. 

2.1.1.6.  A  mixed  PCBs  (1254/1260)  1:1  injection  solution 
was  prepared  by  pipetting  12.5  /xL  each  of  the 
above  stock  solutions  Aroclor  12  54  and  12  60  into 
a  25  mL  class  A  volumetric  flask  and  making  to 
the  mark  with  iso-octane.  The  final 
concentration  was  100  ng/mL  total  PCBs. 

2.1.1.7.  A  stock  solution  of  decachlorobiphenyl  (DCB)  was 
prepared  by  transferring  quantitatively  the 
ampule  contents  of  Supelco  (Supelco  Inc., 
Belief onte,  PA)  Cat.  No.  4-8318,  200  /Ltg/mL  DCB  in 
acetone,    to   a    10   mL   class   A   volumetric  flask. 
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Acetone  was  used  to  prepare  the  standard  to  a 
final  concentration  of  20  jug/mL. 

2.1.1.8.  A  2.5  nq/mh  DCB  spiking  solution  was  prepared  by 
pipetting  1.2  5  mL  of  the  above  DCB  stock  solution 
into  a  10  mL  class  A  volumetric  flask  and  making 

,  to  the  mark  with  acetone. 

2.1.1.9.  A  25  ng/mL  DCB  spiking  solution  was  prepared  by 
pipetting  100  jiL  of  the  above  2.5  jug/mL  DCB 
spiking  solution  into  a  10  mL  volumetric  flask 
and  making  to  the  mark  with  acetone. 

2.1.2.  Quantitation 

2.1.2.1.  Polychlorinated  Biphenyls:  Response  factors  were 
used  for  all  calculations  reported  in  this 
document.  Using  response  factors,  the  data 
system  was  configured  such  that  the  2  0  greatest 
peaks  generated  by  a  100  ng/mL,  Aroclor  1254  and 
1260,  PCB  standard  solution  should  give  a  total 
reported  result  of  100  ng/mL. 

2.1.2.2.  Decachlorobiphenyl :  Response  factors  were  used 
for  the  calculation  of  recovery  of 
decachlorobiphenyl . 
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2.1.3.     Gas  Chromatography 


Chromatography  was  performed  on  a  Varian  3  4  00  Gas 
Chromatograph  equipped  with  dual  capillaries,  dual 
63Ni  Electron  Capture  Detectors  (ECD) ,  and  coupled  to 
a  Varian  Vista  402  data  processing  station.  The 
,  system  is  equipped  with  a  split/splitless  injector 
and  an  autosampler. 

2.1.4.  Equipment 

1-  Bonded  Phase  Column  Rinse  Kit:  Chromatographic 
Specialties  Inc.  ,  Brockville,  Ontario. 

2-  4-port  Valco  Valve:  W-Series  Valve, 
Chromatographic  Specialties  Inc.,  Brockville, 
Ontario. 

3-  6-Port  Valco  Valve:  1/16  th  inch  ports  for  Purge 
and  Trap  or  HPLC  use,  Chromatographic  Specialties 
Inc.,  Brockville,  Ontario. 

4-  Scintillation  Vials:  Wheaton  Scientific, 
Millville,  NJ. 
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5-     Pressurized     Gases:  Air     Products,  Ottawa, 

Ontario. 


2.2.     Study  A:  Initial  Extraction  Efficiency 
2.2.1.     Gas  Chromatographic  Conditions 


Analytical  Columns:         30  m  x  0.25  mm  ID,   0.25  fim  film 

DB-1     and     DB-1701      (J&W  Scientific, 
Folsom,  California) 
Carrier  gas:  He  at  approx.   1  mL/min  per  column 

Make-up  gas:  N2  at  approx.  29  mL/min 


Autosampler  purge  gas:  N2 

Temperature  Program: 

INITIAL  COL  TEMP:  150°C 

INITIAL  COL  HOLD  TIME:  0  min 

PRGM  1  FINAL  COL  TEMP:  27  0°C 

PRGM  1  COL  RATE:  8°C/min 

PRGM  1  COL  HOLD  TIME:  15  min 

Injector  Temperature:  2  50°C 

Detector  Temperature:  3  00°C 


2.2.2.  Equipment 

2.2.2.1.  SPE  Adsorption  Columns:  An  approximately  10 
metre  length  of  J&W  (J&W  Scientific,  Folsom, 
California)  DB-1  fused  silica  capillary  column, 
0.25  mm  ID,  film  thickness  0.25  fim  was  used 
initially.  The  second  column  evaluated  was  a  1 
metre  length  of  0.53  mm  ID,  1.5  /xm  film 
thickness,  J&W  (J&W  Scientific,  Folsom, 
California)   DB-5  WCOT  column. 
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2.2.3.     Micro-Extraction  Method 

2.2.3.1.  To  a  20  mL  scintillation  vial  was  added  the  water 
to  be  extracted  and  2  mL  of  BDH  Omnisolv  (BDH 
Inc.,  Toronto,  Ontario)  grade  hexane  using  a 
volumetric  pipette. 


2.2.3.2.     The   vial    was    sealed   with    a    foil-lined    cap  and 
the  contents  vortexed  for  1  minute. 


2.2.3.3.  The  layers  were  allowed  to  separate  and  some  of 
the  upper  organic  layer  transferred  to  a  GC  vial 
for  injection  into  the  gas  chromatograph . 


2.2.3.4.  To  check  the  extraction  efficiency  of  the  micro- 
extraction  method,  Ottawa  drinking  water  was 
spiked  with  10  juL  of  the  10  /Ltg/mL  PCBs  spiking 
solution  and  the  extraction  performed  as  usual. 


2.2.4.     Column  conditioning 

2.2.4.1.  The  12  mL  glass  sample  vial  from  the  column 
rinsing  kit  was  calibrated  with  graduations  at  11 
mL  and  1  mL  volumes. 


2.2.4.2.     Using    the    column    rinsing    kit    and    nitrogen  to 
displace   the   solvent,    the    10   m    length    of  DB-1 
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column  was  conditioned  with  5  mL  of  ethyl  acetate 
followed  by  5  mL  of  tap  water  at  a  flow  rate  of 
about  0.17  mL  per  minute  in  both  cases. 


2.2.5.     SPE  Adsorption  Studies 


2.2.5.1.  The  adsorption  tests  were  performed  by  first 
adding  11  mL  of  tap  water  to  the  glass  sample 
vial  provided  with  the  column  rinsing  kit.  The 
end  of  the  column  to  be  evaluated  for  SPE  was 
positioned  in  the  vial  just  below  a  precalibrated 
1  mL  graduation  mark. 

2.2.5.2.  With  the  nitrogen  gas  pressure  in  the  regulator 
adjusted  to  yield  the  desired  flow,  the  water  was 
forced  through  the  SPE  column  and  the  effluent 
from  the  SPE  column  collected  in  a  20  mL  glass 
scintillation  vial. 

2.2.5.3.  The  effluent  was  collected  until  the  volume  in 
the  sample  vial  reached  the  1  mL  graduation, 
thereby  passing  10  mL  of  water  through  the 
column. 


2.2.5.4.     The     effluent     in     the     scintillation     vial  was 
extracted   using   the   micro-extraction   method  and 
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the  extract  was  quantitated  against  a  PCB 
standard. 


2.3.     Study  B:  Development  of  On-line  System 
2.3.1.     Study  Bl:  Initial  Configuration 

2.3.1.1.     Gas  Chromatographic  Conditions 

The  conditions  outlined  in  section  2.2.1  were 
also  used  for  the  initial  configuration. 


2.3.1.2.  Equipment 

2.3.1.2.1.  Pressure  Regulator:  100  psi  max.,  Model  VCD 
1000,  Porter  Instruments  Company,  Hatfield, 
PA)  . 

2.3.1.2.2.  Deactivated  Fused  Silica  Tubing:  0.25  mm  ID 
x  0.4  mm  OD,  Chromatographic  Specialties, 
Brockville,  Ontario. 

2.3.1.2.3.  Fused  Silica  Unions:  Universal  Fused  Silica 
Union,  Chromatographic  Specialties, 
Brockville,  Ontario. 

2.3.1.2.4.  Needle  Valve:  Valco,  Chromatographic 
Specialties,  Brockville,  Ontario. 
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2.3.2.     Study  B2:  Second  Configuration 

2.3.2.1.     Gas  Chromatographic  Conditions 

Columns:         30   m   x   0.25   mm   0.25  /xm   film   thickness  DB-1 

and  DB-1701,  J&W  Scientific,  Folsom, 
California . 

Carrier  gas:  He  at  approx.   1  mL/min  per  column 

Make-up  gas:  N2  at  approx.   29  mL/min 

Column  Head  Pressure:       20  psi 
Autosampler  purge  gas:  N2 
Temperature  Program: 

INITIAL  COL  TEMP:  50 °C 

INITIAL  COL  HOLD  TIME:  0  min 

PRGM  1  FINAL  COL  TEMP:  150 °C 

PRGM  1  COL  RATE:  2  5°C/min 

PRGM  1  COL  HOLD  TIME:  0  min 

PRGM  2  FINAL  COL  TEMP:  27  0°C 

PRGM  2  COL  RATE:  8°C/min 

PRGM  2  COL  HOLD  TIME:  15  min 

Injector  Temperature:  250°C 
Detector  Temperature:         3  00°C 
Volume  of  water  used:         2  mL 
Flow  Through  SPE:  0.3  mL/min 

Drying  time:  10  min  @  50°C 


2.3.2.2.  Procedure 

The  12  mL  glass  sample  vial  from  the  column 
rinsing  kit  was  calibrated  with  graduations  at  3 
mL  and  1  mL  volumes. 

4 

The  inlet  of  the  deactivated  length  of  capillary 
tubing  was  positioned  in  the  column  rinsing 
apparatus  with  the  opening  below  the  1  mL 
graduation  mark. 


Paracel  Laboratories  Limited 


Page  18 


With  the  Valco  valve  set  on  the  "load"  position, 
the  1  m  length  of  DB-5  extraction  column  was 
conditioned  by  passing  2  mL  of  ethyl  acetate 
followed  by  2  mL  of  tap  water  at  a  flow  rate  of 
about  0.3  mL/min. 

3  mL  of  tap  water  was  added  to  the  sample  vial 
and  the  water  spiked  with  18  ;uL  of  the  50  ng/mL 
PCB  spiking  solution  (see  section  1.5).  The 
contents  of  the  vial  were  vortexed  for  about  10 
seconds . 

The  sample  vial  was  reinstalled  in  the  column 
rinsing  apparatus  and  the  spiked  solution  was 
passed  through  the  extraction  column  at  a  flow 
rate  of  about  0.3  mL/min  until  the  meniscus  of 
the  spiked  solution  in  the  vial  reached  the  1  mL 
graduation.  2  mL  of  solution  was  therefore  passed 
(600  pg  of  PCBs) . 

The  remaining  1  mL  of  solution  was  discarded  and 
the  vial  reinstalled  into  the  column  rinsing 
apparatus.  By  reinstalling  the  vial,  gas  was 
passed  through  the  solid  phase  extraction  column 
and  was  used  to  drive  any  water  remaining  on  the 
extraction    column.       The    valve    remained    in  the 
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"load"  position  during  a  10  minute  drying  time, 
during  which  helium  was  allowed  to  flow  through 
the  SPE  column  and  vented  to  the  laboratory 
atmosphere. 

At  the  end  of  the  10  minute  drying  time,  the 
valve  was  switched  from  the  "load"  position  to 
the  "inject"  position.  The  GC  temperature  program 
and  Vista  402  data  acquisition  were  started  by 
manually  pressing  the  automatic  start  switch  on 
the  GC  injection  port. 

2.3.3.     Study  B3 :  Transport  and  Solubility  of  PCBs 

2.3.3.1.  Gas  Chromatographic  Conditions 

The  conditions  outlined  in  section  2.2.1.  were 
used  for  this  study.  Injections  were  performed 
using  the  autosampler. 

2.3.3.2.  Procedure 

With  the  Valco  valve  set  on  the  "load"  position 
the  1  m  length  of  DB-5  extraction  column  was 
conditioned  by  passing  2  mL  of  ethyl  acetate 
followed  by  2  mL  of  tap  water  at  a  flow  rate  of 
about  0.3  mL/min. 
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3  mL  of  tap  water  was  added  to  the  sample  vial 
and  the  water  spiked  with  24  fih  of  the  2.5  /Ltg/mL 
DCB  spiking  solution  (see  section  1.8).  The 
contents  of  the  sample  vial  were  vortexed  for 
about  10  seconds. 

The  sample  vial  was  reinstalled  in  the  column 
rinsing  apparatus  and  the  spiked  solution  was 
passed  through  the  extraction  column  at  a  flow 
rate  of  about  0.3  mL/min  until  the  meniscus  of 
the  spiked  solution  in  the  vial  reached  the  1  mL 
graduation.  2  mL  of  solution  was  therefore  passed 
(40  ng  of  DCB) . 

The  water  solution  eluate  was  collected  in  a 
scintillation  vial  at  the  effluent  end  of  the  SPE 
extraction  column  which  had  been  temporarily 
removed  from  the  valve  port.  A  micro-extraction 
was  performed  on  the  SPE  column  effluent  and 
about  1  mL  of  the  resulting  hexane  layer 
transferred  to  a  GC  vial  for  autosampler 
injection. 

The  remaining  1  mL  of  water  in  the  sample  vial 
was  discarded,    and   2   mL  of   hexane  was   added  to 
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the  vial.  The  contents  were  vortexed  and  about  1 
mL  of  the  hexane  solution  transferred  to  a  GC 
vial     for  autosampler  injection. 

The  DB-5  SPE  column  was  eluted  by  adding  3  mL  of 
ethyl  acetate  to  a  clean  sample  vial,  installing 
into  the  rinse  kit  apparatus,  and  passing  2  mL 
through  the  SPE  column  at  a  flow  rate  of  about 
0.3  mL/min.  The  ethyl  acetate  eluate  was 
collected  in  a  scintillation  vial  and  about  1  mL 
transferred  to  a  GC  vial  for  autosampler 
injection. 

Each  of  the  above  solutions  were  injected  via  the 
autosampler  with  the  6-port  valve  in  the  "load" 
position  and  quantitated  against  a  DCB  injection 
solution  injected  in  the  same  manner. 
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2.3.4.     Study  B4:  Initial  Evaluation  of  On-Line  System 


2.3.4.1.     Chromatographic  Conditions 


Column:       10  m  x  0.53  mm,    1.5  /im  film  thickness  DB-5, 

J&W  Scientific,   Folsom,  California. 
Carrier  Gas  Flow 


He 
*2 


at 
at 


Through  SPE  column: 

Flow  Through 

Analytical  Column: 

Flow  Through  Needle 

Valve  to  Waste: 

Make-up  Gas: 

Column  Head  Pressure 

Autosampler  Purge  Gas: 

Temperature  Program: 
INITIAL  COL  TEMP: 
INITIAL  COL  HOLD  TIME: 
PRGM  1  FINAL  COL  TEMP: 
PRGM  1  COL  RATE: 
PRGM  1  COL  HOLD  TIME: 
PRGM  2   FINAL  COL  TEMP: 
PRGM  2   COL  RATE: 
PRGM  2  COL  HOLD  TIME: 


He  at  approx 


He  at  approx 


30  mL/min 
5  mL/min 


approx 
approx 
14  psi 

50' 


25 
25 


mL/min 
mL/min 


0  min 

150°C 

25°C/min 

0  min 

320°C 

10°C/min 

8  min 


Injector  Temperature:  250°C 

Detector  Temperature:  300°C 

Volume  of  water  used:  1  mL 

Volume  of  MeOH  used:  1  mL 

Flow  through  SPE:  0.3  mL/min 

Drying  time:  10  min  @  50°C 


2.3.4.2.  Procedure 


The  procedure  used  in  section  2.3.2  was  used  to 
perform  the  on-line  SPE  extractions  performed  in 
this  study.  The  procedure  differed  only  in  flow 
rates  and  columns  used. 
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3.      RESULTS  AND  DISCUSSION 

3.1.     Study  A:  Initial  Extraction  Efficiency 

The  extraction  efficiency  of  commercially  available  WCOT 
columns  was  initially  tested  in  order  to  evaluate  their 
applicability  to  SPE.  This  was  achieved  by  measuring  the 
absolute  loss  of  PCBs  from  an  analyte-spiked  aqueous 
solution  following  passage  through  a  WCOT  SPE  column. 

The  system  used  to  pass  the  water  through  the  columns  is 
illustrated  on  Figure  1.  The  apparatus  is  commercially 
available  and  is  commonly  used  to  rejuvenate  bonded  phase 
WCOT  capillary  gas  chromatography  columns.  This 
procedure  is  described  in  detail  in  the  methodology 
section  of  this  report. 

3.1.1.     Study  A:   10  Metre  DB-1  SPE  Column 

A  total  of  four  blank  and  three  PCB  spiked  water 
solutions  were  passed  through  a  10  meter  length,  _0.25  mm 
ID,  0.25  nm  film  thickness  column  alternately.  The  PCB, 
Aroclor  1254  and  1260,  spiked  water  solutions  were 
prepared  by  adding  11  mL  of  tap  water  to  a  glass 
scintillation  vial  followed  by  spiking  with  11  juL  of  a  10 
/Ltg/mL  PCB  spiking  solution.     The  resulting  PCB 
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FIGURE  lr     Column  Rinsing  Kit 
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concentration  in  the  water  was  therefore  100  ng/10  mL 
water. 

After  each  PCB  spiked  water  solution  was  passed  through 
the  column,  about  2  mL  of  tap  water  was  passed  before  the 
next  blank  sample. 

i 

The  micro-extraction  procedure  was  used  to  extract  the 
PCBs  from  the  column  effluent  and  analysis  was  performed 
using  gas  chromatography.  A  chromatogram  of  the 
continuing  calibration  mixture  is  illustrated  in  Figure 
2. 

The  results  of  the  study  using  the  DB-1  phase  are 
summarized  in  Table  1. 
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TABLE  1 


EXTRACTION  EFFICIENCY  OF  CAPILLARY  COLUMN  TO  RETAIN  PCBs 


Injection  Sequence  on  the  GC 

Result 
(ng/mL) 

Recovery 
(%) 

1.   100  ng/mL  PCB  Inj .  Sol'n 

97 

2.  Micro  Extraction  #1 

43 

86 

3 .  Blank  Column  Test 

<2 

<2 

4 .  Micro  Extraction  #2 

38 

76 

5.  Blank  #1 

<2 

<2 

6.  PCB  Spiked  Sol'n  #1 

trace 

<2 

7.   Blank  #2 

<2 

<2 

8.   PCB  Spiked  Sol'n  #2 

nd 

<1 

9.   Blank  #3 

<2 

<2 

10.  PCB  Spiked  Sol'n  #3 

trace 

<5 

11.   Blank  #4 

<2 

<2 

12.  Micro  Extraction  #3 

38 

76 

13.    100  ng/mL  PCB  Inj.  Sol'n 

105 

Mean  recovery  of  3  micro  extractions:           79  % 
Mean  recovery  of  3  PCB  Spiked  solutions:     <2  % 
Mean  recovery  of  4  Blank  H20  samples:           <2  % 

SPE  Column:       10  meter  length  of  DB-1  Narrow  bore  column,   0.25  mm 
ID  with  0.25  /im  film  thickness. 

Flow:  0.17  mL/min 


*  A  total  of  13  injections  were  performed  using  the  gas 
chromatographic  conditions  outlined  in  section  2.2.  The 
first  and  final  injections  correspond  to  a  continuing 
calibration  standard  injected  subsequent  to  an  initial 
calibration.  Injections  2,  4,  and  12  are  spiked  recovery 
studies  using  the  microextraction  procedure  to  prove  the 
method  yields  acceptable  recoveries.  Injections  5,  7,  9,  and 
11  are  determinations  of  column  effluent  using  only  blank 
water.  Injections  6,  8,  10,  represent  the  recovery  of  PCBs 
from  a  spiked  solution  passed  through  a  10  m  length  of 
capillary  column.  Injection  3  corresponds  to  a  blank  water 
sample  passed  through  the  extraction  column  as  an  initial 
test  of  the  suitability  of  WCOT  columns  for  SPE. 
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3.1.2.     Study  A:     1  Meter  DB-5  Mega bore  Column  §  2  mL/min 

The  preliminary  study  described  above  was  repeated 
under  the  same  conditions  but  using  aim  length  of  J 
&  W  DB-5  fused  silica  megabore  column,  0.53  mm  ID 
with  a  film  thickness  of  1.5  fim.  The  column  length 
selected  in  this  study  was  considerably  shorter  than 
that  used  in  the  first  study  but  a  thicker  stationary 
phase  was  used  for  the  shorter  column.  A  flow  rate 
of  2  mL/min  through  the  SPE  column  was  regulated 
using  a  head  pressure  of  about  5  psi.  The  results 
from  this  study  are  summarized  in  Table  2. 
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TABLE  2 


EXTRACTION  EFFICIENCY  OF  CAPILLARY  COLUMN  TO  RETAIN  PCBS 


Injection  Sequence  on  the  GC 

Result 
(ng/mL) 

Recovery 
(%) 

1.   100  ng/mL  PCB  Inj .  Sol'n 

106 

2 .  Blank  Column  Test 

<2 

<2 

3.  Micro  Extraction  #1 

38 

76 

4.  Blank  #1 

<2 

<2 

5.  PCB  Spiked  Sol'n  #1 

trace 

<2 

6.   Blank  #2 

<2 

<2 

7.   100  ng/mL  PCB  Inj.  Sol'n 

104 

8.  PCB  Spiked  Sol'n  #2 

trace 

<2 

9.   Blank  #3 

<2 

<2 

10.  PCB  Spiked  Sol'n  #3 

trace 

<2 

11.  Blank  #4 

<2 

<2 

12.  Micro  Extraction  #2 

32 

64 

13.   100  ng/mL  PCB  Inj.  Sol'n 

105 

Mean  recovery  of  2  micro  extractions:  70 
Mean  recovery  of  3  PCB  Spiked  solutions:  <2 
Mean  recovery  of  4  Blank  H20  samples:  <2 

% 
% 
% 

SPE  Column:       1  meter  length  of  DB-5  Megabore  column,   0.53  mm  ID 
with  1.5  /um  film  thickness. 

Flow:  2  mL/min 

*  A  total  of  13  injections  were  performed  using  the  gas 
chromatographic  conditions  outlined  in  section  2.2.  The 
first  and  final  injection  corresponds  to  a  continuing 
calibration  standard  injected  subsequent  to  an  initial 
calibration.  Injections  3,  and  12  are  spiked  studies  using 
the  microextraction  procedure  to  prove  the  method  yields 
acceptable  recoveries.  Injections  4,  6,  9,  and  11  are 
determinations  of  column  effluent  using  only  blank  water. 
Injections  5,  8,  10,  represent  the  recovery  of  PCBs  from  a 
spiked  solution  passed  through  a  10  m  length  of  capillary 
column.  The  final  injection  is  a  continuing  calibration 
injection  used  to  prove  the  calibration  of  the  instrument. 
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3.1.3.     Study  A:     1  Meter  DB-5  Megabore  Column  §  12  mL/min 

The   preliminary   study   described   above  was   repeated   under  the 

same  conditions  with  the  following  exceptions: 

Flow  rate  of  12  mL/min  through  the  column  using  a 
regulator  pressure  of  about  20  psi.  The  results  of  this 
study  are  summarized  in  Table  3 . 
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TABLE  3 


EXTRACTION  EFFICIENCY  DB-5  PHASE  RESULTS 


Injection  Sequence  on  the  GC 

Result 
(ng/mL) 

Recovery 
(%) 

1.   100  ng/mL  PCB  In j .  Sol'n 

100 

2.  Micro  Extraction  #1 

29 

58 

3.  Blank  #1 

<2 

<2 

4.  PCB  Spiked  Sol'n  #1 

trace 

<10 

5.  Blank  #2 

<2 

<2 

6.   PCB  Spiked  Sol'n  #2 

trace 

<10 

7.  Blank  #3 

<2 

<2 

8.  PCB  Spiked  Sol'n  #3 

trace 

<5 

9.  Blank  #4 

<2 

<2 

10.  Micro  Extraction  #2 

34 

68 

11.   100  ng/mL  PCB  Inj .  Sol'n 

105 

Mean  recovery  of  2  micro  extractions:          63  % 
Mean  recovery  of  3  PCB  Spiked  solution 
passed  though  a  capillary  column:                <8  % 
Mean  recovery  of  4  Blank  H20  samples:         <2  % 

SPE  Column:       1  meter  length  of  DB-5  Megabore  column,   0.53  mm  ID 

with  1.5  fim  film  thickness. 
Flow:  12  mL/min 

*  A  total  of  11  injections  were  performed  using  the  gas 
chromatographic  conditions  outlined  in  section  2.2.  The 
first  and  final  injections  correspond  to  a  continuing 
calibration  standard  injected  subsequent  to  an  initial 
calibration.  Injections  2,  4,  6,  8  and  10  are  spiked 
studies  using  the  microextraction  procedure  to  prove  the 
method  yields  acceptable  recoveries.  Injections  3,  5,  7 
and  9  are  determinations  of  column  effluent  using  only 
blank  water.  Injections  4,  6,  8  and  10  represent  the 
recovery  of  PCBs  from  a  spiked  solution  passed  through  a  10 
m  length  of  capillary  column.  The  final  injection  is  a 
continuing  calibration  injection  used  to  prove  the 
calibration  of  the  instrument. 
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II 
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3.1.4.     Study  A :  Summary 


In  summary,  the  extraction  efficiency  studies  indicated 
that  the  use  of  a  10  meter  DB-1  thin  film  column  or  a  1 
meter  thick  film  DB-5  megabore  column  can  easily  remove 
PCBs  from  an  aqueous  solution.  Either  of  the  two  solid 
phase  extraction  columns  could  therefore  be  used  to 
further  study  SPE  and  thermal  desorption. 
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3.2.     Study  B:  Development  of  an  On-Line  System 


Having  established  the  fact  that  the  solid  phase 
extraction  columns  removed  PCBs  from  water,  the  second 
step  of  the  project  involved  desorption  of  the  compounds 
from  the  adsorption  columns. 

i 

In  designing  a  system  to  study  the  thermal  desorption  of 
compounds,  it  was  important  to  know  the  absolute  recovery 
of  the  analytes  from  the  solid  phase  extraction  column. 
Ideally  we  wanted  to  be  able  to  inject  a  standard 
directly  into  the  system  and  compare  the  results  with 
that  obtained  using  thermal  desorption. 

3.2.1.     Study  Bl:  Initial  Configuration 

The  configuration  first  used  to  study  the  desorption 
of  compounds  from  the  solid  phase  extraction  column 
is  illustrated  in  Figure  3.  The  system  consists  of 
a  4-port  Valco  valve  installed  in  the  GC  oven  for 
introduction  of  the  thermally  desorbed  analytes  to 
the  analytical  columns. 

The  four  port  valve  is  used  to  alternate  the  influent 
to  the  analytical  columns  from  either  the  GC  injector 
or  from  a  1  meter  length  of  SPE  column.     The  SPE 
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FIGURE  3:  4-Port  Valve  System  with  Dual  Capillary  Columns 
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column  was  supplied  with  a  carrier  gas  and  the  supply 
pressure  and  flow  were  adjusted  to  correspond  with 
the  injector  pressure  and  flow. 

The  system  was  designed  this  way  to  allow  for  a 
quantitation  standard  to  be  injected  into  the  GC 
injector  with  the  valve  in  position  1.  The  results 
were  compared  with  those  obtained  from  an  equal 
amount  of  organic  analytes  thermally  desorbed  from 
the  SPE  column  while  the  valve  was  in  position  2. 

The  DB-5  solid  phase  extraction  was  performed  as 
previously  described  and  the  length  of  column  was 
manually  installed  in  the  GC  oven  prior  to  thermal 
desorption. 

Results  with  this  configuration,  when  passing  2  mL  of 
blank  tap  water  through  the  extraction  column, 
produced  chromatograms  with  many  interferences  and  a 
high  baseline  rise  at  the  end  of  the  chromatogram. 
Figure  4  illustrates  the  chromatogram.  Spiked 
water  samples  were  not  distinguishable  from  the  blank 
samples  and  estimation  of  recovery  was  not  possible 
at  a  concentration  of  300  ppb  total  PCB 
concentration . 
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The  large  number  of  peaks  and  poor  chromatography  were 
likely  due  to  the  handling  of  the  SPE  column  during  the 
extraction  and  subsequent  installation  of  the  column 
into  the  GC  oven  for  each  run.  Under  normal  conditions 
when  installing  or  changing  capillary  columns  in  a  GC  a 
certain  amount  of  time  and  baking  out  is  required  to 
reach  optimum  chromatographic  conditions. 

The  introduction  of  the  four  port  valve  did  not  alter 
the  chromatographic  response  to  a  PCB  standard 
injected  through  the  GC  split/splitless  injector. 

It  was  decided  that  a  permanent  installation  of  the  1 
m  DB-5  extraction  column  into  the  chromatographic 
system  was  necessary  to  provide  the  least  amount  of 
disruption  in  going  from  the  SPE  to  thermal 
desorption. 

3.2.2.     Study  B2:  Second  Configuration  (6  port  valve) 

A  Valco  SS  6-port  valve  was  installed  in  the  GC  oven 
in  place  of  the  4-port  valve  and  the  system  is 
illustrated  in  Figure  5. 

The  configuration  is  similar  to  the  valve  system 
employed  on  most  purge  and  trap  analyzers  where  a  SPE 
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FIGURE  5:  6-Port  Valve  System  with  Dual  Capillary  Columns 
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extraction  column  is  used  to  collect  and  subsequently 
thermally  desorb  compounds  purged  using  an  inert  gas. 

The  configuration  of  the  6-port  valve  allows  for  the 
SPE  column  to  be  used  to  extract  compounds  without 
the  need  to  remove  and  reinstall  the  length  of  SPE 
column  for  each  extraction  and  chromatographic 
determination . 

The  configuration  consists  of  the  column  rinsing  kit, 
previously  used  to  evaluate  the  SPE  columns,  a 
deactivated  fused  silica  capillary  to  connect  the 
column  rinse  kit  with  the  6  port  valve. 

The  six  port  valve  is  configured  such  that  the 
analytical  columns  are  constantly  provided  with 
carrier  gas  regardless  of  valve  position.  When  in 
the  load  position  the  carrier  gas  flows  directly  into 
the  analytical  columns.  In  this  load  position,  a 
solution  of  water  can  be  passed  through  the  SPE 
column  without  disturbing  the  carrier  gas  supply  to 
the  analytical  columns.  After  the  desired  amount  of 
water  has  passed  through  the  column  the  auxiliary 
gas  supply  is  used  to  purge  the  SPE  and  remove  water 
and  moisture. 
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In  the  inject  position,  the  carrier  gas  is  allowed  to 
flow  through  the  SPE  column  prior  to  passing  to  the 
analytical  columns.  Thus  any  compounds  on  the  SPE 
column  are  thermally  desorbed  as  the  GC  oven 
temperature  increases. 

The  system  is  well  designed  for  studying  solid  phase 
extraction  because  a  standard  can  be  injected  through 
the  split/splitless  injector  and  the  chromatogram 
compared  directly  with  the  chromatogram  obtained 
from  a  SPE/  thermal  desorption.  The  comparisons 
involve  both  quantitative  and  qualitative  aspects. 

An  injection  using  the  autosampler  introduces  2  /iL  of 
solution  to  the  chromatographic  system.  Therefore 
when  injecting  directly  the  100  ng/mL  PCB  injection 
solution  (see  section  1.6)  200  pg  of  PCBs  would  reach 
the  detectors  assuming  a  perfect  split/splitless 
injection.  For  the  preliminary  work,  a  level  3  times 
that  of  the  standard  was  chosen  for  the  thermal 
desorption  i.e.,  600  pg  of  PCBs  going  to  the 
detectors . 

A  sample  volume  of  2  mL  of  tap  water  was  chosen  to 
minimize  interferences  from  the  water  and  for  ease  of 
mixing    the    sample    once    spiked.       The  chromatograms 
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obtained  from  the  SPE/  thermal  desorption  of  a  PCB 
standard  containing  Aroclor  1254  and  1260  showed 
relatively  good  baseline  stability  but  no  discernable 
peaks  corresponding  to  the  Aroclor  compounds  were 
detected. 

The  lack  of  recovery  was  surprising  because  the 
initial  studies  involving  the  extraction  of  PCBs  from 
water  using  WCOT  columns  appeared  quantitative. 

In  order  to  evaluate  where  the  PCBs  were  being 
retained,  the  procedure  was  repeated  but  the  SPE 
performed  by  removing  the  SPE  column  from  the  valve 
body  and  the  extraction  performed  in  a  manner  similar 
to  that  used  in  Study  A.  Using  this  extraction 
procedure  the  long  piece  of  deactivated  capillary 
fused  silica  column  was  bypassed  and  the  spiked 
solution  was  passed  directly  through  the  DB-5 
extraction  column.  The  SPE  was  then  reinstalled  onto 
the  valve  body  and  the  GC  determination  performed  as 
usual.  Again  in  this  determination  no  discernable 
peaks  corresponding  to  PCBs  could  be  detected.  We 
reasoned  that  the  compounds  were  probably  adhering  to 
the  surface  of  the  glass  vial  used  to  contain  the 
sample  while  under  pressure  or  that  the  compounds  may 
be  adhering  to  the  valve  rotor. 
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In  another  experiment  the  same  procedure  just 
described  was  performed  except  that  the  length  of  SPE 
was  connected  directly  to  the  injector  and  the 
analytical  column  thereby  eliminating  passage  through 
the  valve  body.  The  chromatogram  of  the  thermal 
desorption  showed  no  discernable  PCB  peaks. 

The  fact  that  no  PCBs  could  be  detected  using  the  6 
port  configuration  suggested  that  the  PCBs  were  being 
retained  on  the  glassware  and  metal  surfaces  prior 
to  reaching  the  solid  phase  extraction  column  or  that 
they  were  not  being  desorbed  from  the  column 
efficiently  or  that  their  desorption  was  such  that 
the  chromatography  was  so  poor  as  to  generate  only 
broad  peaks. 

3.2.3.     Study  B3:  Transport  and  Solubility  of  PCBs 

In  order  to  determine  where  the  analyte  was  adhering 
in  the  SPE/  chromatographic  system,  a  switch  was  made 
to  using  a  solution  only  of  decachlorobiphenyl  (DCB) 
rather  than  the  Aroclor  mix.  One  peak  would  allow 
easier  quantitation  and  judgement  of  peak  shape  while 
DCB,  being  a  PCB  congener,  would  behave  chemically 
like  PCBs,  itself  being  a  congener. 
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The  transport  of  DCB  through  the  SPE  system  was 
examined  in  order  to  determine  where  the  losses  of 
analyte  occurred.  The  methodology  used  is  described 
in  detail  in  section  2.3.3. 

i  Three    solutions   were   collected   and   the   results  are 
presented  in  tabular  form  below: 

TRANSPORT  OF  DCB  THROUGH  SYSTEM  -  RECOVERIES 


Sample  Name 

Recovery  (%) 

Breakthrough 

45% 

Sample  Vial 

25% 

SPE  Eluate 

25% 

The  breakthrough  sample  represents  the  percent  recovery 
of  the  DCB  collected  in  the  SPE  column  effluent.  This 
amount  seemed  very  inconsistent  with  our  earlier 
findings  indicating  no  breakthrough  using  PCB  spikes. 
The  sample  vial  was  found  to  contain  a  quarter  of  the 
DCB  indicating  that  a  large  amount  of  the  compounds 
adhere    to    the    surface    of    glass.        The    SPE  eluate 
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represents  the  recovery  of  DCB  obtained  by  solvent 
desorbing  the  SPE  WCOT  column  through  the  deactivated 
fused  silica  transfer  line  and  represents  the  maximum 
percentage  of  DCB  available  to  the  SPE  column. 

To  overcome  the  low  extraction  efficiency  of  the 
current  system  and  detect  DCB  at  25%  recovery,  the 
procedure  involving  the  on-line  SPE  and  subsequent 
thermal  desorption  was  repeated  using  a  solution  such 
that  400  pg  of  DCB  were  available  to  be  adsorbed  onto 
the  SPE  column.  The  resulting  chromatogram  is 
illustrated  in  Figure  6  and  shows  very  poor  peak  shape 
for  DCB  from  which  a  useful  quantitation  was  not 
possible. 

In  an  effort  to  keep  the  DCB  in  solution  during 
transport  to  the  SPE  column  and  minimize  losses, 
methanol  was  added  to  the  water  containing  the 
decachlorobiphenyl  and  the  on-line  SPE/  GC  experiment 
repeated.  1.5  mL  of  water  plus  1.5  mL  of  methanol 
(ie.  50%  methanol)  were  passed  through  the  extraction 
system  and  thermally  desorbed  using  the  6  port  valve. 

The  resulting  chromatogram  again  showed  very  poor  peak 
shape  but  with  a  much  larger  DCB  peak  than  that 
produced  when  using  100%  water  as  the  sample.  This 
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FIGURE  6 


Thermal  desorption:   400  pg  of 
DCB  using  6-port  valve  and 
capillary  column  configuration. 
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large  peak  indicated  to  us  that  the  methanol  appeared 
to  keep  the  DCB  in  solution  and  could,  therefore,  be 
adsorbed  by  the  solid  phase  extraction  column.  Thus  in 
order  to  quantitate  the  solid  phase  extraction  and 
thermal  desorption  a  more  rugged  chromatographic 
system  was  required. 

i 

With  this  increase  in  the  size  of  the 
decachlorobiphenyl  peak,  the  problem  became  one  of 
optimising  the  chromatographic  conditions  such  that 
injections  made  through  the  split/splitless  injector 
were  no  different  than  chromatograms  obtained  using  the 
solid  phase  extraction. 

3.2.4.     Study  B4 :  Third  Configuration  with  Megabore  Column 

The  poor  peak  shape  associated  with  the  thermal 
desorption  was  probably  due  to  the  fact  that  the 
decachlorobiphenyl  was  spread  over  a  long  length  of 
the  megabore  extraction  column.  Thus  as  the  compound 
begins  migrating  down  to  the  analytical  column  the 
peak  width  is  far  too  wide  for  good  chromatographic 
results . 

To  allow  for  an  increase  in  the  carrier  gas  flow,  the 
analytical  capillary  columns  were  removed  from  the  GC 
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and  replaced  with  a  10  m  J&W  DB-5  megabore  column, 
with  a  film  thickness  of  1.5  /Ltm.  The  increase  in 
column  flow  was  expected  to  lessen  the  effective 
width  of  the  DCB  peak  prior  to  chromatographic 
determination . 

i  The  same  GC  conditions  were  employed  that  were  used 
for  the  dual  capillary  column  except  that  the 
detector  makeup  flow  was  adjusted  to  24  mL/min  and 
the  carrier  gas  flow  to  7  mL/min. 

The  SPE  procedure  outlined  in  section  2.3.2  was 
repeated  twice  except  that  the  spiking  level  used  was 
12  juL  of  the  25  ng/mL  DCB  spiking  solution  giving  200 
pg  available  to  be  adsorbed  onto  the  column.  In  both 
runs  the  DCB  peaks  produced  by  the  thermal  desorption 
were  about  \  of  the  expected  height,  \  the  expected 
area  and  about  3  times  the  width  at  half  height  as 
compared  to  the  standard  by  autosampler  injection.  A 
chromatogram  of  one  determination  is  illustrated  in 
Figure  7.  The  peak  shape  is  greatly  improved  over 
the  results  using  the  analytical  columns. 

In  order  to  verify  our  initial  results  using 
methanol,  the  SPE  procedure  was  repeated  twice 
except  with  a  3  mL  of  50%  MeOH/H20.     2  mL  of  sample 
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FIGURE  7 

Thermal  desorption:   200  pg  of 
DCB  using  6-port  valve  and 
megabore  column  configuration 
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solution  was  passed  through  the  SPE  column  as  usual. 
In  both  runs  the  DCB  peaks  produced  by  the  thermal 
desorption  were  about  2  times  the  expected  area  and 
about  2  times  the  width  at  half  height  as  compared  to 
the  standard  by  autosampler  injection. 

.  The  larger  than  expected  area  counts  are  invariably 
due  to  the  fact  that  the  ECD  detector  is  a 
concentration  detector  and  is  sensitive  to 
quantitation  problems  when  the  peak  shape  has  been 
drastically  altered  as  in  this  case. 

3.2.5.     Study  B5:  Fourth   Configuration   with   Megabore  Column 

and  Flow  Splitter 

To  overcome  the  poor  peak  shape  produced  during 
thermal  desorption  of  the  analyte  from  the  1  m  length 
of  DB-5  extraction  column,  several  options  were 
available  including  using  a  separate  oven  for  the 
solid  phase  extraction  column,  cryof ocussing  and 
shortening  the  solid  phase  extraction  column  length. 
In  an  effort  to  keep  the  system  configuration  simple, 
a  flow  splitter  subsequent  to  the  valve  appeared  to 
be  the  best  solution.  Figure  8  outlines  the  design 
used  for  in  our  fourth  configuration. 
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FIGURE  8:   6-Port  Valve  System  with  Splitter  and  Megabore 
Analytical  Column 
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A  flow  splitter  with  needle  valve  assembly  was 
installed  between  the  inlet  of  the  analytical  column 
and  the  6-port  valve. 

This  configuration  allows  high  carrier  gas  flow, 
about  30  mL/min,  through  the  SPE  column  yet  allows 
about  25  mL/min  to  be  vented  to  waste  just  ahead  of 
the  analytical  column  inlet. 

The  thermal  desorption  of  2  00  pg  of  DCB  was  carried 
out  with  the  splitter  in  place  but  using  the  GC 
temperature  program  listed  in  2.3.2.1.  The  DCB  peak 
was  detected  about  3  minutes  into  the  next  data 
acquisition  run  which  gave  a  retention  time  about  10 
minutes  greater  than  expected.  The  peak  was 
symmetrical  but  had  a  peak  width  at  half  height  of  20 
seconds.  The  long  retention  time  is  a  consequence  of 
the  thick  film  used  on  the  megabore  column. 

To  decrease  the  retention  time  and  improve  peak  shape 
the  GC  conditions  listed  above  in  2.3.4.1  were 
adopted.  The  chromatogram  for  a  typical  SPE  followed 
by  thermal  desorption  is  illustrated  in  Figure  9. 
The  peak  shape  of  the  DCB  is  similar  to  that  obtained 
by  performing  a  split/splitless  injection  on  the 
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Thermal  desorption:  200  pg  of 
DCB  using  6-port  valve  with 
flow  splitter  and  megabore 
column  configuration. 
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system,  thus  indicating  that  the  thermal  desorption 
step  introduces  the  compound  to  the  analytical  column 
with  little  or  no  band  broadening  other  than  due  to 
the  chromatographic  system. 

A  series  of  SPE  and  thermal  desorption  determinations 
were  performed  using  the  megabore  column  and  the 
flow  splitter  and  the  results  are  summarized  in  Table 
4.  The  results  indicate  recoveries  in  the  90%  range 
for  DCB  and  peak  widths  at  half  height  of  about  7 
seconds . 

Table  5  lists  the  repeatability  of  injections  using 
the  autosampler  for  a  2  nL  injection  of  DCB  and  the 
variability  of  the  autosampler  was  found  to  be 
greater  than  that  obtained  using  the  SPE  for  sample 
introduction. 
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TABLE  4 


RECOVERY   (%)   OF  DECACHLOROB I PHENYL  USING  SOLID  PHASE 
EXTRACTION  AND  THERMAL  DESORPTION 


Desorption  Sequence  on  the  GC 

Recovery 
(%) 

1.  Blank  #1 

2.  200  pg  DCB  #1 

3.  Blank  #2 

4.  200  pg  DCB  #2 

5.  Blank  #3 

6.  200  pg  DCB  #3 

7.  Blank  #4 

8.  200  pg  DCB  #4 

9.  Blank  #5 

10.    200  pg  DCB  #5 

<2 
99 
<2 
95 
<2 
98 
<2 
92 
<2 
90 

Mean  rec  of  5  blank  samples: 

<2% 

Mean  rec  of  5  DCB  spiked  samples: 
Std  Dev  for  5  DCB  spiked  samples: 
Coefficient  of  Variation: 

95  % 
3  % 
3  % 
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TABLE  5 

REPEATABILITY  OF  STANDARD  DCB  INJECTIONS 

(injection  by  autosampler  -  6  port  valve  on  "load"  position) 


Injection  Sequence  on  the  GC 

Peak 
Area 

1.   25  ng/mL  DCB  #1 

82475 

2.   25  ng/mL  DCB  #2 

99097 

3.   25  ng/mL  DCB  #3 

85788 

4.   2  5  ng/mL  DCB  #4 

75877 

5.   2  5  ng/mL  DCB  #5 

84156 

Mean  area  of  5  DCB  std  injections:  85479 
Std  Dev  for  5  DCB  std  injections:  7596 
Coefficient  of  Variation:                               9  % 
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4.      CONCLUSIONS  AND  RECOMMENDATIONS 


SPE  combined  with  thermal  desorption  from  a  WCOT  column  has  been 
demonstrated.  The  system  we  have  developed  shows  promise  for  the 
determination  of  polychlorinated  biphenyls. 

The  system  allows  for  the  further  study  of  SPE  of  a  variety  of 
compounds  followed  by  thermal  desorption  to  a  gas  chromatograph. 
The  variables  to  be  investigated  using  the  configuration 
developed  include:  percent  of  methanol  reguired  to  keep  the 
PCBs  from  adhering  to  surfaces;  flow  rate  through  the  SPE 
column,  dimensions  and  film  thickness  of  the  SPE,  volume  of 
sample,  concentration  of  target  analytes,  repeatability, 
accuracy,  carrier  gas  linear  velocity,  chromatographic  conditions 
including  analytical  column  choice. 

The  results  of  additional  work  on  the  use  of  SPE  and  thermal 
desorption  will  be  reported  to  the  Ministry  in  a  final  report. 
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EXECUTIVE  SUMMARY 


The  feasibility  of  performing  Solid  Phase  Extraction  (SPE)  of 
organic  compounds,  from  water  samples,  in  conjunction  with 
thermal  desorption  to  a  gas  chromatograph  has  been  evaluated. 
Using  wall  coated  open  tubular  (WCOT)  columns,  for  solid  phase 
extraction,  and  a  megabore  WCOT  analytical  column,  we  have 
developed  a  system  for  the  quantitative  recovery  of 
polychlorinated  biphenyls  from  water  in  the  part-per-trillion 
range  using  electron  capture  detection. 

Initial  studies  concentrated  on  the  removal  of  polychlorinated 
biphenyls  (PCBs)  from  water  using  a  solid  phase  extraction  column 
by  determining  if  breakthrough  was  occurring.  Using  commercially 
available  DB-1  or  DB-5  stationary  phase  WCOT,  the  removal  of  PCBs 
from  water  was  found  to  be  quantitative  in  the  ppb  range. 

Further  studies  involved  the  development  of  a  system  allowing  the 
examination  of  variables  affecting  SPE  and  thermal  desorption  to 
a  gas  chromatograph.  The  system  includes  a  6  port  valve,  a 
pressurized  vessel  for  transferring  the  water  sample  to  the  SPE 
column  and  a  flow  splitter  used  to  optimize  the  chromatographic 
injection.  The  SPE  column,  in  this  system,  is  thermally  desorbed 
without  the  need  for  a  separate  heating  chamber  because  the  SPE 
column  is  positioned  in  the  gas  chromatograph  oven. 

The  work  outlined  in  this  second  interim  report  involved 
optimizing  the  conditions  of  this  system. 

The  system  developed  could  potentially  function  in  an  automated 
fashion  for  drinking  water.  The  savings  in  labour  relative  to 
the  methods  in  current  use  at  the  Ministry  are  significant.  In 
addition,  since  all  the  extracted  analytes  are  determined  by  gas 
chromatography,  only  a  small  amount  of  sample  (10  milliliters 
compared  to  1  litre)  is  required  to  perform  a  determination  with 
detection  limits  potentially  better  than  those  currently  reported 
by  the  Ministry. 

The  use  of  solid  phase  extraction,  for  aqueous  samples,  combined 
with  thermal  desorption  to  a  gas  chromatograph  has  not  been 
reported  in  the  literature,  according  to  our  knowledge,  and  we 
are  the  first  to  report  success  using  this  hybridized 
methodology. 
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1 .  INTRODUCTION 


This  is  the  second  interim  report  on  development  of  analytical 
methodology  for  organic  analytes  in  water  using  solid  phase 
extraction  (SPE)  followed  by  thermal  desorption  to  a  gas 
chromatograph . 

The  SPE  technique  involves  passing  large  volumes  of  water 
containing  organic  compounds  through  a  column  packed  with  an 
adsorbent  bonded  to  a  solid  support,  or,  through  a  Wall  Coated 
Open  Tubular  (WCOT)  column  in  which  the  inside  wall  is  coated 
with  a  bonded  liquid  phase.  The  analytes  are  adsorbed,  during 
the  SPE  process,  due  to  their  partition  coefficient  between  the 
water  and  the  bonded  liquid  phase.  Currently,  SPE  is  being  used 
to  isolate  analytes  from  water  and  solvent  desorption  is  used,  in 
most  cases,  to  isolate  the  adsorbed  compounds.  Subsequent 
determination  is  typically  performed  using  a  small  aliquot  of 
solvent  desorbed  analytes  for  chromatographic  analysis. 

Some  of  the  advantages  of  using  SPE  combined  with  solvent 
desorption  are  as  follows: 

1.         The    number    of    samples    that    can    be    processed    daily  is 
increased  and  the  cost  per  analysis  is  reduced. 
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2.  The  potential  of  improved  repeatability  and  reduction  of 
operator  error  due  to  fewer  steps  in  the  analytical 
procedure. 

4 .  The  use  of  large  volumes  of  solvent  and  the  cost  of  their 
disposal  are  essentially  eliminated. 

5.  The  process  is  more  amenable  to  automated  sample 
preparation  systems. 

Despite  the  theoretical  advantages  of  using  SPE  in  conjunction 
with  thermal  desorption,  there  are  no  reports  in  the  literature 
involving  the  combination  of  SPE  for  water  samples  and  thermal 
desorption  to  a  gas  chromatograph. 

In  our  initial  work,  a  mixture  of  two  Aroclors  (1254  and  1260) 
was  used  to  evaluate  SPE  of  polychlorinated  biphenyls  (PCBs)  in 
water.  PCBs  were  selected  because  of  their  thermal  stability, 
low  volatility,  low  polarity,  and  for  the  importance  of  achieving 
low  detection  limits  for  these  analytes  to  meet  Ministry 
objectives. 

In  most  reports,  a  packed  column  is  typically  used  in  the  SPE  of 
organic  analytes  from  water.  Such  columns  are  not  amenable  to 
the  use  of  thermal  desorption  because  of  the  amount  of  water 
retained  in  the  interstitial  regions  of  the  solid  support.  The 
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introduction  of  as  little  as  1  micro  litre  of  water  can 
significantly  degrade  the  chromatographic  performance  of  most 
conventional  phases  used  for  WCOT  columns.  We  have  used  WCOT 
columns  for  SPE  because  we  anticipate  that  less  water  will  be 
adsorbed  than  using  packed  SPE  columns  and  the  media  should  allow 
for  any  water  retained  to  be  easily  removed  prior  to  thermal 
desorption.  A  second  advantage  with  using  WCOT  columns  as  SPE 
columns  is  the  possibility  of  using  the  gas  chromatograph  oven  to 
both  heat  the  analytical  column  and  the  solid  phase  extraction 
column  simultaneously. 

The  continued  research  described  in  this  report  examined  SPE 
conditions  and  can  be  divided  into  four  studies.  In  this  report, 
the  effect  of  the  following  parameters  has  been  studied:  the 
proportion  of  methanol  to  water  in  the  sample  solution;  variation 
of  extraction  times;  different  sample  volumes;  the  length  of  the 
SPE  column. 
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2 .  METHODOLOGY 

2.1.     General  Methodology 

2.1.1.     Standards  Preparation 


A  stock  solution  of  Aroclor  12  54  was  prepared  by 
transferring  quantitatively  the  ampule  contents 
of  Supelco  (Supelco  Inc.,  Bellefonte,  PA)  Cat. 
No.  4-4808  Aroclor  1254,  1  mg/mL  solution  to  a  10 
mL  class  A  volumetric  flask.  BDH  Omnisolv  (BDH 
Inc.,  Toronto,  Ontario)  iso-octane  was  used  to 
prepare  the  standard  to  a  final  concentration  of 
100  /Lig/mL. 

2.1.1.2.  A  stock  solution  of  Aroclor  1260  was  prepared  by 
transferring  quantitatively  the  ampule  contents 
of  Supelco  (Supelco  Inc.,  Bellefonte,  PA)  Cat. 
No.  4-4809  Aroclor  1260,  1  mg/mL  solution  to  a  10 
mL  class  A  volumetric  flask.  Iso-octane  was  used 
to  prepare  the  standard  to  a  final  concentration 
of  100  /xg/mL. 

2.1.1.3.  A  10  nq/mh  1254:1260  (1:1)  mix  total  PCBs  spiking 
solution  was  prepared  by  transferring  500  /xL  of 
each  solutions  into  a  10  mL  class  A  volumetric 
flask  containing  a  50/50  by  volume  of  BDH 
Omnisolv    (BDH    Inc.,    Toronto,    Ontario)  methanol 


2.1.1.1. 
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and  BDH  Omnisolv  (BDH  Inc. ,  Toronto,  Ontario) 
acetone. 

2.1.1.4.  A  1  /xg/mL  PCBs  intermediate  solution  was  prepared 
by  transferring  1.0  mL  of  the  10  /xg/mL  PCBs 
spiking  solution  into  a  10  mL  volumetric  flask 
and  making  to  the  mark  with  acetone. 

2.1.1.5.  A  1  /xg/mL  PCBs  injection  solution  was  prepared  by 
transferring  1.0  mL  of  the  10  /ug/mL  PCBs  spiking 
solution  into  a  10  mL  volumetric  flask  and  making 
to  the  mark  with  iso-octane. 

2.1.1.6.  A  stock  solution  of  decachlorobiphenyl  (DCB)  was 
prepared  by  transferring  quantitatively  the 
ampule  contents  of  Supelco  (Supelco  Inc., 
Bellefonte,  PA)  Cat.  No.  4-8318,  200  xxg/mL  DCB  in 
acetone,  to  a  10  mL  class  A  volumetric  flask. 
Acetone  was  used  to  prepare  the  standard  to  a 
final  concentration  of  20  /xg/mL. 


2.1.1.7.  A  2.5  /xg/mL  DCB  spiking  solution  was  prepared  by 
transferring  1.25  mL  of  the  DCB  stock  solution 
into  a  10  mL  class  A  volumetric  flask  and  making 
to  the  mark  with  acetone. 
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2.1.1.8.  A  2  5  ng/mL  DCB  spiking  solution  was  prepared  by 
transferring  100  jzL  of  the  2.5  jig/mL  DCB  spiking 
solution  into  a  10  mL  volumetric  flask  and  making 
to  the  mark  with  acetone. 


2.1.1.9.  A  1  mg/mL  tetrachloro-m-xylene  (TCX)  stock 
solution  was  prepared  by  dissolving  25.10  mg  of 
TCX  in  a  25  mL  volumetric  flask  containing 
approximately  20  mL  of  iso-octane.  The  solution 
was  made  to  the  mark  with  iso-octane. 


2.1.1.10.  A  10  nq/mh  TCX  first  intermediate  solution  was 
prepared  by  transferring  1.0  mL  of  the  TCX  stock 
solution  into  a  100  mL  volumetric  flask  and 
making  to  the  mark  with  acetone. 


2.1.1.11.  A  second  TCX  intermediate  at  1  /Lig/mL  solution  was 
prepared  by  transferring  1.0  mL  of  the  first  TCX 
intermediate  solution  (10  /itg/mL)  into  a  10  mL 
volumetric  flask  and  making  to  the  mark  with 
acetone. 


2.1.1.12.  A  25  ng/mL  DCB  and  TCX  spiking  solution  was 
prepared  by  transferring  625  /uL  each  of  the  1 
jLig/mL  DCB  and  TCX  intermediate  solutions   into  a 
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25  mL  volumetric  flask  and  making  to  the  mark 
with  acetone. 

2.1.1.13.  A  25  ng/mL  DCB  and  TCX  injection  solution  was 
prepared  by  transferring  62  5  /iL  each  of  the  1 
/ig/mL  DCB  and  TCX  intermediate  solutions  into  a 
25  mL  volumetric  flask  and  making  to  the  mark 
with  iso-octane. 


2.1.1.14.  A  mixed  PCB/TCX/DCB  injection  solution  was 
prepared  by  transferring  125  /xL  each  of  the  100 
/ig/mL  Aroclor  1254  and  1260  stock  solutions  and 
2.5  mL  of  the  1  /ig/mL  DCB  and  TCX  intermediate 
solutions  into  a  25  mL  volumetric  flask  and 
making  to  the  mark  with  iso-octane.  The  final  PCB 
concentration  is  1  /ig/mL  and  100  ng/mL  each  for 
DCB  and  TCX. 


2.1.1.15.  A  mixed  PCB/TCX/DCB  spiking  solution  was  prepared 
by  transferring  250  /iL  each  of  the  1  /ig/mL  DCB 
and  TCX  intermediate  solutions  and  0.5  mL  of  the 
10  /ig/mL  PCB  spiking  solution  into  a  10  mL 
volumetric  flask  and  making  to  the  mark  with 
acetone.  The  final  PCB  concentration  is  0.5  /ig/mL 
and  2  5  ng/mL  each  for  DCB  and  TCX. 
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2.1.2.  Quantitation 


2.1.2.1.  Response  factors  were  used  for  all  quantitations 
reported  in  this  document. 

2.1.2.2.  Five  of  the  largest  peaks  from  the  Aroclor  mix 
injection  standard  and  thermal  desorption 
chromatographic  runs  were  selected  for 
quantitation.  The  peak  areas  for  the  selected 
peaks  were  summed  to  calculate  a  response 
factor. 


2.1.3.     Gas  Chromatography 

Chromatography  was  performed  on  a  Varian  3  4  00  Gas 
Chromatograph  equipped  with  a  megabore  column,  63Ni 
Electron  Capture  Detector  (ECD) ,  and  coupled  to  a 
Varian  Vista  402  data  processing  station.  The  system 
is  equipped  with  a  split/splitless  injector  and  an 
autosampler. 
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2.1.4.  Equipment 


2.1.4.0.1.  Bonded  Phase  Column  Rinse  Kit: 
Chromatographic  Specialties  Inc. ,  Brockville, 
Ontario. 

2.1.4.0.2.  6-Port  Valco  Valve:  1/16  inch  ports  for 
Purge  and  Trap  or  HPLC  use,  Chromatographic 
Specialties  Inc.,  Brockville,  Ontario. 

2.1.4.0.3.  Pressurized  Gases:  Air  Products,  Ottawa, 
Ontario. 

2.1.4.0.4.  Pressure  Regulator:  100  psi  max.,  Model  VCD 
1000,  Porter  Instruments  Company,  Hatfield, 
PA)  . 

2.1.4.0.5.     Deactivated  Fused  Silica  Tubing:      0.25  mm  ID 

x    0.4    mm    OD,     Chromatographic  Specialties, 

Brockville,  Ontario. 
2.1.4.0.6.     Fused  Silica  Unions:      Universal  Fused  Silica 

Union,      Chromatographic  Specialties, 

Brockville,  Ontario. 
2.1.4.0.7.     Needle     Valve:         Valco,  Chromatographic 

Specialties,  Brockville,  Ontario. 
2.1.4.0.8.     Graduated    Centrifuge   Tubes    (15    mL,  glass): 

Fisher  Scientific,  Ottawa,  Ontario. 
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2.1.5.     Gas  Chromatographic  Conditions 


Analytical 

Column:  10    m    x    0.53    mm,     1.5    /urn  film 

thickness  DB-5,  J&W  Scientific, 
Folsom,  California. 

Carrier  Gas  Flow 

Through  SPE  column:       He  at  approx.   30  mL/min 
Flow  Through 

Analytical  Column:        He  at  approx.     5  mL/min 
Flow  Through  Needle 

Valve  to  Waste:  He  at  approx.   25  mL/min 

Make-up  Gas:  N2  at  approx.  2  5  mL/min 

Column  Head  Pressure:  14  psi 

Autosampler  Purge  Gas:  N2 

Temperature  Program: 

INITIAL  COL  TEMP:  50 °C 

INITIAL  COL  HOLD  TIME:  0  min 

PRGM  1  FINAL  COL  TEMP:  150 °C 

PRGM  1  COL  RATE:  2  5°C/min 

PRGM  1  COL  HOLD  TIME:  0  min 

PRGM  2  FINAL  COL  TEMP:  3  20°C 

PRGM  2  COL  RATE:  10°C/min 

PRGM  2  COL  HOLD  TIME:  8  min 


Injector  Temperature:  2  50°C 

Detector  Temperature:  3  00°C 
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FIGURE  1:  6-Port  Valve  System  with  Splitter  and  Megabore  Column 
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2.2.     Study  A:  Optimization  of  the  SPE  Conditions 
2.2.1.     General  Extraction  Procedure 

The  12  mL  glass  sample  vial  from  the  column 
rinsing  kit  was  calibrated  with  graduations  at  3 
mL  and  1  mL  volumes. 

The  inlet  of  the  deactivated  length  of  capillary 
tubing  was  positioned  in  the  column  rinsing 
apparatus  with  the  opening  below  the  1  mL 
graduation  mark. 

Ottawa  tap  water,  1.5  mL,  and  methanol,  1.5  mL, 
were  added  to  the  sample  vial  and  the  resulting 
solution  fortified  with  12  fiL,  of  the  25  ng/mL 
DCB/TCX  spiking  solution  (see  section  2.1.1.12). 
The  contents  of  the  vial  were  vortexed  for  about 
10  seconds. 

The  sample  vial  was  reinstalled  in  the  column 
rinsing  apparatus  and  with  the  Valco  valve  set  on 
the  "load"  position.  The  fortified  solution  was 
passed  through  the  extraction  column  at  a  flow 
rate  of  about  0.3  mL/min  (or  6  minutes  total 
time)  until  the  meniscus  of  the  spiked  solution 
in  the  vial  reached  the  1  mL  graduation.  A  total 
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of  2  mL  of  the  fortified  solution,  and  therefore 
200  pg  each  of  DCB  and  TCX,  was  therefore  passed 
through  the  SPE  column. 

The  remaining  1  mL  of  solution  was  discarded  and 
the  vial  reinstalled  into  the  column  rinsing 
apparatus.  By  reinstalling  the  empty  vial, 
helium  was  passed  through  the  solid  phase 
extraction  column  in  order  to  remove  any  water 
remaining  on  the  extraction  column.  The  valve 
remained  in  the  "load"  position  for  10  minutes 
during  this  drying  step. 

At  the  end  of  the  10  minute  drying  time,  the 
valve  was  switched  from  the  "load"  position  to 
the  "inject"  position.  The  GC  temperature  program 
and  Vista  402  data  acquisition  were  started  by 
manually  pressing  the  start  switch  on  the  GC 
injection  port. 

2.2.2.     Study  Al:  Composition  of  Sample  Solution 

Water  solutions  were  prepared  with  the  following 
percentages  of  methanol:  40%,  35%,  25%,  10%,  and 
0%.  Each  solution  was  fortified  with  12  fih  of 
the  DCB  and  TCX  spiking  solutions  and  analyzed  in 
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duplicate  according  the  of  general  extraction 
procedure. 

For  2  additional  desorption  runs  at  40%  and  50% 
methanol,  and  1  run  each  at  35%,  25%,  10%,  and  0% 
methanol,  the  sample  solution  was  fortified  with 
12  nh  of  PCB  spiking  solutions  in  addition  to  12 
fih  DCB  and  TCX  spiking  solution. 

Before  the  analysis  of  each  fortified  sample,  a 
50  %  methanol  in  water  solution  was  passed 
through  the  system  according  to  the  general 
extraction  procedure.  This  was  intended  to  clean 
the  SPE  column  to  ensure  no  carryover  in  the 
subseguent  analysis  as  well  as  determining  the 
level  of  the  blank. 

2.2.3.     Study  A2 :  Varying  Extraction  Times 

2.2.3.1.  The  general  extraction  procedure  was  followed 
using  40%  methanol  for  the  sample  solution.  The 
.extraction  time  is  defined  as  the  length  of  time 
it  takes  to  pass  the  2  mL  of  sample  through  the 
SPE  column.  The  extraction  time  was  varied  by 
adjusting   the   auxiliary   gas   supply   pressure  to 
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the  column  rinse  kit  until  a  suitable  flow 
through  the  column  was  attained. 

Extraction  times  of  6  minutes,  3  minutes,  and  1 
minute  were  studied  in  this  set  of  experiments. 

,  Blank   samples    (50%  methanol/water)    were  analyzed 

at  each  of  the  specified  extraction  times. 

2.2.4.     Study  A3:  Effect  of  Sample  Volume 

2.2.4.1.  The  general  extraction  procedure  was  followed 
using  40%  methanol  for  the  sample  solution  and  an 
extraction  flow  rate  of  0.75  mL/min  during  the 
last  1  mL  of  sample  passage  through  SPE.  While 
the  sample  volume  was  varied  for  each  run,  the 
fortification  level  remained  constant  at  200  pg 
each  of  DCB  and  TCX  and  4000  pg  of  PCBs. 

The  following  sample  volumes  were  examined  in 
duplicate:  1.2  mL  water  and  5.4  mL.  A  volume  of 
10.8  mL  water  was  examined  in  triplicate. 

For   the    5.4    mL  water   sample   volume,    the    12  mL 
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sample  vial  from  the  column  rinsing  kit  was 
replaced  with  a  15  mL  graduated  centrifuge  tube. 

A  solution  of  10  mL  of  40%  methanol  in  water  was 
added  to  the  graduated  centrifuge  tube  and 
fortified  with  9  /iL  each  of  the  DCB/TCX  and  PCBs 
spiking  solutions.  The  contents  of  the  tube  were 
vortexed  for  about  10  seconds. 

With  the  Valco  valve  set  on  the  "load"  position, 
the  fortified  solution  was  passed  through  the 
extraction  column  at  a  flow  rate  of  0.75  mL/min 
for  the  last  1  mL  of  sample.  A  total  of  9  mL  of 
solution,  or  5.4  mL  of  water,  was  therefore 
passed. 

In  the  case  of  the  10.8  mL  water  sample  volume, 
two  15  mL  graduated  centrifuge  tubes  were 
prepared  and  passed  through  the  SPE  prior  to 
thermal  desorption. 

Blank  samples  (40%  methanol/water)  were  analyzed 
with  each  of  the  specified  sample  volumes. 


Paracel  Laboratories  Limited 


Page  21 


2.2.5.     Study  A4:  SPE  Column  Length 


2.2.5.1.  The  general  extraction  procedure  was  followed 
using  40%  methanol/water  for  the  sample  solution 
and  a  sample  flow  rate  of  0.75  mL/min  during  the 
last  1  mL  of  sample  passage  through  SPE.  While 
the  SPE  column  length  was  varied  for  each  run, 
the  fortification  level  remained  constant  at  200 
pg  each  of  DCB  and  TCX  and  4  000  pg  of  PCBs.  A 
sample  volume  of  9  mL,  or  5.4  mL  water  and  4.6  mL 
methanol,  was  passed  through  the  SPE  for  each 
analysis. 

Duplicate  determinations  were  made  for  each  of 
the  following  SPE  column  lengths:  100  cm,  50  cm, 
and  2  5  cm. 

Blank  samples  (40%  methanol/water)  were  analyzed 
with  each  of  the  specified  column  lengths. 
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3.     RESULTS  AND  DISCUSSION 

3.1.     Study  A:  Optimization  of  the  SPE  Conditions 

Previous  studies  involved  the  development  of  a  system  enabling 
the  combination  of  SPE  with  thermal  desorption  to  a  gas 
chromatograph.  The  system  includes  a  6  port  valve,  a  pressurized 
vessel  for  transferring  the  water  sample  to  the  SPE  column  and  a 
flow  splitter  used  to  optimize  the  chromatographic  injection. 
Figure  1  illustrates  this  system. 

The  apparatus  used  to  pass  the  sample  solution  through  the 
extraction  column  is  illustrated  in  Figure  2.  The  equipment  is 
commercially  available  and  is  commonly  used  to  rejuvenate  bonded 
phase  WCOT  capillary  gas  chromatography  columns.  This  procedure 
is  described  in  detail  in  the  methodology  section  of  this  report. 

The  variables  investigated  in  the  optimization  of  the  developed 
configuration  were:  proportion  of  methanol  required  to  keep  the 
PCBs  from  adhering  to  surfaces;  flow  rate  through  the  SPE  column, 
volume  of  sample,  and  SPE  column  length. 
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FIGURE  2:     Column  Rinsing  Kit 
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3.1.1.     Study  Al:  Composition  of  Sample  Solution 

The  proportion  of  methanol  added  to  the  sample  solution 
prior  to  SPE  was  varied  in  order  to  determine  the  optimum 
level  of  methanol  required  to  obtain  the  highest  recovery 
of  analyte.  The  results  from  this  study  are  summarized  in 
Table  1. 

From  the  results  obtained  it  was  shown  that  40%  methanol 
in  the  sample  solution  gave  the  highest  recoveries  for 
the  PCB  Aroclor  mix.  Although  it  wasn't  the  optimum 
level  of  methanol  for  TCX  or  DCB  recovery,  4  0%  methanol 
was  chosen  for  the  remainder  of  the  study  because  of 
these  tentative  results. 

Discussions  with  Mr.  Crozier  and  Dr.  Hall  have  led  us  to 
believe  that  the  addition  of  methanol  might  not  be 
critical  and  that  cryof ocussing  might  resolve  the 
problems  we  have  observed.  This  possibility  is  currently 
being  investigated. 


Paracel  Laboratories  Limited 


Page  25 


Table  Is  SPE  Thermal  Desorption  Recoveries  of  Analytes  from 
Water /Methanol  Solutions  of  Varying  Composition 


Percent  Recovery  of  Analytes 

Compound 

Run 
Desc. 

Percent  Methanol  in  Sample  Solution 
50%          40%          35%          25%          10%  0% 

TCX 

Run  1 

35 

53 

50 

43 

43 

39 

Run  2 

37 

48 

63 

67 

52 

44 

Run  3 

28 

na 

na 

na 

na 

na 

MEAN 

33 

51 

57 

55 

48 

42 

PCBs 

Run  1 

na 

na 

na 

na 

na 

na 

Run  2 

63 

74 

65 

44 

33 

19 

Run  3 

56 

88 

na 

na 

na 

na 

MEAN 

60 

81 

65 

44 

33 

19 

DCB 

Run  1 

95 

69 

47 

27 

25 

10 

Run  2 

96 

70 

59 

46 

42 

29 

Run  3 

83 

na 

na 

na 

na 

na 

MEAN 

91 

69 

53 

37 

34 

20 

na  indicates  not  analyzed 
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Due  to  the  configuration  of  the  chromatographic  system,  a 
difference  exists  between  the  retention  times  of  analytes 
injected  directly  via  the  autosampler  and  those  when 
thermally  desorbed  from  the  SPE  column.  Examples  of  the 
retention  time  differences  are  listed  in  Table  2. 

Table  2:  Retention  Time  Comparison  -  Direct  Injection  vs 
Thermal  Desorption 


PCB  Peak 
Number 

Retention 
Time  (min) 
Autosampler 

Retention 
Time  (min) 
Thermal 
Desorption 

Retention 
Time  Delta 
(min) 

1. 

15. 583 

16. 328 

+0.291 

2 . 

16. 328 

16. 608 

+0. 280 

3 . 

16.898 

17. 179 

+0.281 

4. 

17.221 

17 . 501 

+0. 280 

5. 

18.223 

18 . 497 

+0. 274 

3.1.2.     Study  A2:  Varying  Extraction  Times 

The  extraction  time  was  varied  and  the  effects  on  the 
recovery  of  analyte  studied. 

It  should  be  noted  that  the  gas  pressure  above  the  liguid 
in  the  column  rinse  kit  sample  vial  is  not  constant,  and 
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the  flow  rate  of  the  sample  through  the  extraction  system 
increases  with  time. 

As  a  faster  flow  might  have  a  decreasing  effect  on 
analyte  recovery,  the  flow  rate  of  the  final  1  mL  of 
sample  solution  passing  through  the  SPE  column  was 
measured  and  used  for  comparison.  Table  3  illustrates 
the  various  factors  that  were  examined  when  monitoring 
the  extraction  time. 

Table  3:  Sample  Flow  Rates  Through  SPE  Column 


Extraction 
Time  for 
the  2  mL 
of  Sample 

Time  for 
Last  Sample 
mL  to  Pass 
through  SPE 

Sample  Flow 
Rate  During 
Passage  of 
Last  mL 

6  min 

2  min,  5  sec 

0.5  mL/min 

3  min 

1  min,   3  sec 

1  mL/min 

1  min 

31  sec 

2  mL/min 
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Table  4:  The  Effect  of  Extraction  Time  on  SPE  Thermal 
Desorption  Recoveries  of  Analytes 


Sample 
Flow 
Rate 
(mL/min) 

Run 
Desc. 

Percent  Recovery  of  Analytes 

TCX 

PCBs 

DCB 

0.5 

Run  1 

53 

74 

69 

Run  2 

48 

88 

70 

MEAN 

51 

81 

69 

blank 

nd 

nd 

15 

1 

Run  1 

44 

74 

59 

Run  2 

46 

76 

63 

MEAN 

45 

75 

61 

blank 

nd 

nd 

16 

2 

Run  1 

1 

65 

67 

Run  2 

nd 

61 

58 

MEAN 

1 

63 

62 

blank 

nd 

nd 

4 

nd  indicates  not  detected 


Based  on  these  results,  a  flow  rate  of  0.75  mL/min  for 
the  final  1  mL  of  sample  to  pass  through  the  SPE  column 
was  chosen  for  the  remaining  experiments. 

Although  slower  flow  rates  gave  better  recoveries,  the 
longer  extraction  time  precludes  any  benefits. 
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3.1.3.     Study  A3:  Effect  of  Sample  Volume 


The  sample  volume  passed  through  the  SPE  column  was 
varied  and  the  percent  recovery  of  analyte  and  level  of 
interferences  determined.  Table  5  lists  the  analyte 
recoveries  for  the  various  sample  volumes. 

Although  no  interferences  were  observed  in  the  resulting 
chromatograms ,  it  was  decided  not  to  increase  the  sample 
volume  above  10.8  mL  due  to  the  poor  recoveries  obtained 
at  that  volume.  For  the  remainder  of  the  project  a  sample 
volume  of  5.4  mL  water  (9  mL  of  40%  methanol/water)  was 
used. 

The  decrease  in  recoveries  for  larger  sample  volumes  may 
or  may  not  have  been  a  result  of  breakthrough  or  poor 
chromatography.  We  are  investigating  these  possibilities 
using  cryof ocussing. 


Paracel  Laboratories  Limited 


Page  30 


Table  5:  SPE  Thermal  Desorption  Recoveries  of  Analyses  as  a 
Function  of  Sample  Volume 


Sample 
Volume 
Water 

Run 
Desc. 

Percent  Recovery  of  Analytes 

TCX 

PCBs 

DCB 

1.2  ml, 

Run  1 

53 

74 

69 

i 

Run  2 

48 

88 

70 

MEAN 

51 

81 

69 

blank 

nd 

nd 

15 

5.4  mL 

Run  1 

22 

89 

120 

Run  2 

46 

86 

96 

MEAN 

34 

88 

108 

blank 

nd 

nd 

nd 

10.8  mL 

Run  1 

57 

44 

40 

Run  2 

nd 

10 

60 

Run  3 

nd 

4 

54 

MEAN 

19 

19 

51 

blank 

nd 

nd 

nd 

nd  indicates  not  detected 


3.1.4.     Study  A4:  SPE  Column  Length 

Various  lengths  of  WCOT  DB-5  SPE  column  were  installed  in 
the  6-port  valve  and  the  extraction  efficiency  of  each 
length  determined. 
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The  SPE  column  lengths  of  100  cm,  50  cm,  and  2  5  cm  were 
examined  as  per  the  procedure  outlined  in  section  2.2.5. 
The  results  are  listed  in  Table  6. 

Table  6:  SPE  Thermal  Desorption  Recoveries  of  Analytes  with 
Varying  Lengths  of  Extraction  Column 


SPE 
Column 
Length 

Run 
Desc. 

Percent  Recovery  of  Analytes 

TCX 

PCBs 

DCB 

100  cm 

Run  1 

22 

89 

120 

Run  2 

46 

86 

96 

MEAN 

34 

88 

108 

blank 

nd 

nd 

nd 

50  cm 

Run  1 

5 

34 

100 

Run  2 

18 

66 

85 

MEAN 

12 

50 

93 

blank 

nd 

nd 

7 

25  cm 

Run  1 

13 

55 

47 

Run  2 

22 

42 

27 

MEAN 

18 

49 

37 

blank 

nd 

nd 

nd 

nd  indicates  not  detected 
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The  decrease  in  recoveries  for  shorter  column  lengths  may 
or  may  not  have  been  a  result  of  breakthrough.  We  are 
investigating  this  possibility  using  cryof ocussing. 
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4.     CONCLUSIONS  AND  RECOMMENDATIONS 


The  measurement  of  specific  analytes  using  SPE  combined  with 
thermal  desorption  from  a  WCOT  column  has  been  demonstrated.  The 
system  we  have  developed  shows  promise  for  the  determination  of 
polychlorinated  biphenyls  from  drinking  water  in  the  parts-per- 
trillion  range. 

With  the  current  SPE/GC  configuration,  the  recommended  extraction 
conditions  include:  the  mixing  of  water  samples  with  methanol 
(60:40)  prior  to  SPE,  a  sample  flow  of  0.75  mL/min  through  SPE,  a 
maximum  water  sample  volume  of  5.4  mL,  and  an  SPE  column  length 
of  100  cm. 

The  system  allows  for  additional  SPE/thermal  desorption  studies 
for  a  variety  of  compounds.  Further  variables,  including 
cryof ocussing,  are  currently  under  investigation. 
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